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EXECUTIVE SUMMARY

The Phase III studies were designed to evaluate the Interactive
effects of Inhalation exposure concentrationn duration and
frequency to select the most sensitive biologic responses for the A.
subsequent subchronic studies of Phase IV. Response surface
model ing, a statistical approach thiat al lowed us to examineo
multiple response parameters under a large number of experimental
conditions and to select the most appropriate combinations of these
factors was used for the experimental design. The experimental
conditions Included various combinations of exposure
concentrations, durations and frequencies used over a four-week
period. The biological endpoInts tested immediately after the last
exposure and after a two-week recovery period Included pulmonary
cellular responses, neurobehavioral activity, genetic toxicology,
clinical and morphological pathology, and standard toxicologic
observations.

The Investigation was divided Into three main four-week studies.
The first defined the com.binations of exposure concentrations,
durations and frequencies that produced maximal effects in the
response parameters. Our statistical approach made It possible to
work with a low subject number (n=4) In this initial study, as
necesitated by the complex experimental design, which consisted of
four concentrations (0, 0.40, 0.75 and 1.00 mg/i), two durations (1
and 3.5 hr) and three frequencies (number of exposures per week).
The frequencies examined were exposures on two consecutive days
(Fl), four consecutive days (F2), or two days separated by two days
of rest (F3). Maximally stressed controls Inhaling filtered air
for 3.5 hr/day on four consecutive days/week were used with all
exposure combinations. The endpoint assays were conducted
Immediately after the last exposure and for high dose and control,
cne frequency (F2) and one duration (3.5 hr) also after a two-week
recovery period. Thus animals exposed to the most stressful
conditions were used in the recovery study. '.

The sample size of four Is aeiequate for tests of main effects and
two-way (but not four-way) Interactions and the study yields more
than adequate statistical power for an Initial characterization of
the response surface. The results of this first study showed
relatively few compound-re I ted-effects and those that were
observed generally also exhibited complete recovery. In general,
when statistically significant Interactions did occur, main effects
were absent, and strong main effects only occurred for parameters
which did not have Interactions Indicating that these observations
were spurious. Thus It could be concluded that duration and
frequency did not produce major changes In the effects of exposure
concentration.

Based on these results more specific conditions with Increased
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sample size were selected for the subsequent studies. In the
second and third extended studies with male and female rats
respectIvel y more detailed examination of dose response relations
were made for a single duration and frequency combination. Since
the outcome of the first study showed that frequency and duration
did not affect results significantly, exposure on four consecutive
days per week (F2) was selected to explore the "worst case"
situation and 2.25 hr, the logarithmic mean between the pi'evlously
tested I and 3.5 hr was chosen as the single duration. The RP/BR
exposure concentrations of 0.75, 1.00 and 1.20 mg/i were used In
the study with male rats and this range was lowered to 0.40, 0.75
and 1.0 mg/I for the study with female rats. The sample size was
Increased to n-15 allowing direct estimates of the recovery effect
(I.e. concentration by recovery Interaction) and also to obtain
multivariate, In addition to the previously reported univariate,
test statistics.

Aerosol exposure monitoring data demonstrate that the target
concentrations were well maintained at each exposure level
throughout the three studies. Mean RP/BR mass concentrations were
consistently within 4% of the target values with standard
deviations of the daily means below ± 8%. The mean particle size
data ranging from 0.44 to 0.64 um with dgs from 1.66 to 1.97
Indicate excel lent aerosol stabii ity throughout the exposures.
Total phosphorous acid levels ranged from 61 to 74%.

Wheezing and labored breathing observed In male rats exposed to the
high doses, decreased body weights, body weight gains and reduced '
food consumption seen In male rats at all concentration returned to
normal after the recovery period, Although an overall mortality of "'.
12.1% was observed In male rats exposed to the high dose, this was
due to a concentration overrun in one of the chambers on the first
day. The 5.2% value observed In a second chamber reflects the
effect of the exposure more realistically. In female rats only a
single death was observed during the entire study and this 0.8%
mortality occurred In the medium (0.75 mg/i) dose.

While some statistically significant effects were found for
Individual response parameters In cl inical pathology, most of these ".
were Judged to be biologically nonsignificant due to their absolute
value being within or close to the published normal range for the
particular parameter measured. The most consistent changes were
decreases for BUN and cholesterol levels in rats of both sexes and
In trIglyceri des for female rats only, with the latter two
parameters showing partial recovery. No treatment-rel ated " t"
histopathological changes were found In any tissue outside the
respiratory tract however.

Of the neurobehav Ioral parameters, locomotor activity was
significantly affected. Male rats showed Increased motor activity
at ail concentrations and Incomplete recovery after two weeks at

lIT RESEARCH INSTITUTE
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some concentrations. In females taere was a trend toward Increased
activity but no evidence of effects after the recovery period. V
None of the other behavioral endpoints were al tered by the
exposures In a consistent fashion.

A micronucleus analysis performed on bone marrow polychromatlc
erythrocytes and normachromatic erythrocytes and on circulating red
blood celis of female rats exposed for two or four weeks to 1.0 •
mg/I of RP/BR showe(. significant claltogenlc responses In both bone _
marrow and RBC's of rats after two but not after four weeks of
exposures or after a two-week recovery period following the four-" it -
week exposures. These results suggest that RP/BR aerosol is a weal;'
clastogen for female Sprague-Dawley rats end, furthermore, that tht,
animals recruit biochemical pathways to detoxify and clear the
genotoxic fractions and that under the exposure regimen used, an %.'. ."

adaptation Is In effect.

EvaluatIon of the pulmonary response data showed that Ln o
bactericidal ac+tivity of alveolar macrophages (AM) to Inhaled
L35JS-K.L jIjmon.ia and the percentage of macrophages In the
cellular lavage were not affected by the exposures In either of the .,.

sexes and jna vttr phagocytosis was unchanged In AM of female rats.
Total cell counts were significantly Increased In the pulmonary
lavage from female rats immediately after exposure to 0.75 or 1.0 .4,

mg/i. Since differential counts remained unchanged and 97 to 99%
of the cells were macrophages, this Indicates an Increased number
of AM in the lungs following exposures. After the recovery period
the counts were no longer different from controls.

Only part of the significant Increases In cellular ATP levels of
male and female rats found after the last exposure remained
elevated after recovery. The general Increase in cellular ATP ,.

levels indicates an Increased energy supply that may have been
responsible for the unimpaired phagocytic and bactericidal activity
observed. The most consistent f!ndIng In AM from all treatment .. 4..

groups was decreased activity of the plasma membrane-associated
ectoenzyme 5:nucleotidase (51-ND).

A significant Increase In the protein level of the pulmonary lavage
fluId of rats of both sexes after exposures to the high doses,
Indicating pulmonary capillary fragility, exhibited complete
recovery In males.

No treatment-related histopathologic changes were seen In tissue
outside the respiratory tract In any of the studies. The primary
lesion In the lung, was terminal bronchlolar fibrosis. When male
rats were exposed to 0.75, 1.0 or >1.2 mg/i and female rats Inhaled
0.4, 0.75, or 1.0 mg/I of RP/BR aerosols for 2.25 hr per day, on
four consecutive days per week for four weeks, all except those
exposed to 0.4 mg/ had terminal bronchlolar fibrosis. The lesion %
Increa'sed In Incidence and severity with Increased concentrations
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and length of exposure and did not exhibit recovery. The use of
Masson's trichrome stain confirmed that part, but not all, of the
changes was due to fibrosis - the formation of new collagen fibers
In excess of what would normally be present.
In order to choose the most appropriate animals for the upcoming

subchronlc exposures, a comparison study was conducted between rats
from the Madison, WI and Indianapolis, IN breeding colonies of
Harlan-Sprague-Dawley, Inc. Based on the observations made In this '"*

study and the advisability of working with PVM-free animals In

Inhalation exposures the rats from the Indianapolis breeding colony
were selected for the subchronlc exposures. .,

,,...',
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FOREWORD

This report, IITRI No. L06139, Phase III Report describes studies ".. ,
conducted by the Life Sciences Department, liT Research Institute h. •for the Health Effects Research Division, U.S. Army Medical
Bloengineering Research and Development Laboratory during the
period of August 1983 through July 1984. The studies were carried
out under Contract No. DAMD17-82-C-2121.

Catherine Aranyl served as Principal Investigator and Study
Director and James Fenters was Co-investigator In charge of
administrative matters. Stanley Vane was responsible for the
inhalation exposure facli itles and the aerosol generation and
monitoring throughout the studies. Jeannie Bradof and Marianna .0.q
Furedl respectively, were In charge of the experiments for the
pulmonary anO standard toxicology endpoints and for general
toxicologic observations. Necropsy procedures, tissue col lectIon
and preparation for histopathologic evaluation were under the
supervision of VladIslava Rac and Carol Thompson. Barry Levine was
In charge of cl inical pathology. The experiments for the
neurobehavloral and genetic toxicology endpoints were designed and
conducted by Maurlene Preache and Robert Guerrero, respectively.
Robert Gibbons, Consultant BiostatIstIcIan was responsible for
statistical analysis of the experimental data. Histopathologic . -
evaluation of the collected tissue samples was performed by W. V.
Iverson, Consultant Pathologist from Experimental Pathology
Laboratories, Inc., Herndon, VA.

Animal experiments were conducted according to the "Guide for the
Care and Use of Laboratory Animals" (1978), DHEW Publ lction No.
(NIH) 78-23 prepared by the Committee on Care and Use of Laboratory
Animals of the Institute of Laboratory Animal Rosources, National . ..
Research Council; regulations and standards of the Department of
Agriculture and Public Law 91-579, "Laboratory Animal Welfare Act"
(1970) .

Citation of commercial organizations and trade names In this report
does not constitute an official Department of the Army endorsement
or approval of the products or services of these organizations.

mes D. Fenters Catherine Aranyl
Head, Microbiology and Scientific Advisor

Toxicology PrIncial Investigator/Study
Life Sciences Research Director

Life Sciences Research
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QUALITY ASSURANCE STATEMENT N~.;.

Between July 14# 1983 and May 18p 1984 approximately 35
ýs laboratory Inspections were conducted by Josephine M, Rood and

Kirit Perikh observing the critical phases of Study Nos. 79, 79S,
79SF and 79SC. These Included exposure procedures, chemical
analyses, In-lI If toxicologic observations and all final end-point
assay procedures. Data audits and patholcglc specimen Inspections _p were performed on September 20, 1983 and January 20p Fobruarý 2v
March 23, April 11 through 25, August 8, 1984 and Octobe r 0to
November 30s 1984 by Josephine Ms Reed# KIrli Parlkh and Julie
mcPhlilips. The studies were conducted In accordance with IITRI
Life Sciences Qual ity Assurance criteria* Raw data and specimens
generated dur Ing the course of these studies will be retained In .

the IITRi Life Sciences ArchIves as described In Standard Operating
Procedures.

os 6ppoho Ie rn . Reed
Suprvisor, Quality Assurance
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1 * INTRODUCTION

As part of an overall concern for personnel health and safety# the
U.S. Army Medical Research and Development Command is seeking to
evaluate the effects produced by Inhalation of combustion products
from red phosphorus/butyl rubber used as an obscurant smoke for
troops and vehicles In tactical and training environments.
Laboratory rats, exposed in chambers, are being used to provide a
comprehensive definition of the biologic effects of red phosphorus
smoke to mammalian systems under conditions which approximate the I.-
potential troop exposure. The approach to this -research Includes
range finding acute studies to determine lethal concentrations and
Influence of exposure duration on mortality; repeated exposure
studies to define time-concentration relationships as well as ..
threshold levels, heal ing, and adaptation In biologic reactions;
and a subchronic exposure study with a recovery and observation
period after the experimental exposure. The principal bl*Jogic
response criteria to be monitored Include overt toxic signs,
clinical and morphological pathology, pulmonary bactericidal
activity, examination of pulmonary free cells, lavage content and
alveolar macrophage function, neurobehavloral activity and genetic
toxicology. The Phase III Intermediate term exposure studies have
been designed to define the Interactive effects of the exposure
concentration, duration and frequency conditions and to sqlect the
most sensitive biologic response parameters for the subsequent
subchronlc studies of Phase IV. A-

2. MATERIALS AND METHODS

2.1. I.k.MHA

Male and female Sprague-Dawley rats* 3 to 4 weeks-old were obtained
from Harlan/Sprague-Dawley, Inc., Madison, WI for all studies. In
addition, male rats used for comparison studies SN79-SC and
SN79-SC-2 were also obtained from the supplier's Indianapolis, IN
breeding facility.

The animals were observed dally during a 14-day quarantine period.
Prior to assignment to treatment groups all rats were subjected to
physical examination. Nasal swabs, tracheal aspirates, lung
homogenates and Intestinal tract materials were examined for
pathogenic bacteria, molds, yeasts, Mycoplasma and endoparasltes.
Serum samples from ten rats were sent to Microbiological
Associates, Bethesda, MD, to assay for virologic antibody titers
for Kilham rat virus (KRV), Toolan H-1, Pneumonia virus of mice
(PVM), Sendal, Rat coronavlrus (RCY) and Sialodacryoadenltls virus ,
(SDA). All findings were negative except for positive antibody
titers to PVM for the rals from the Madison, WI breeding colony.

The rats were housed Individually in stainless steel Inhalation L
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cage compartments measuring 18.4 x 16.5 x 15.9 cm. Twenty four

cage units each containing four compartments* were attached to each

rack housing a total of 96 rats. When attached to the racks the

cages were equipped with an automatic drinking water distribution

system and were suspended over excrement pans. For exposure the

cages were removed from the racks and the rats were moved In their

cages Into the Inhalation chambers. The animals were transferred

weekly to clean cages and deotized absorbing cage boards placed on .

the excrement pans were changed three times per week.

The animal rooms were maintained on 12 hr-light/dark cycle.

Temperature and percent relative hum'dity (RH) were regulated in

such a manner that extreme fluctuations between the animal room and

exposure chamber conditions would be avoided. Purina Certified

Rodent Chow 5002 end water was available to the rats ad IIUIam .

except during the exposure%.

Animals were randomized to treatment groups using a constrained ,

random process, stratified by weight# such that all groups were

comparable In protest body weight, but assignment of Individual

animals to groups was random. Each test animal was Identified with

a unique number by an ear tag.

2.*20 * iLURATI12f &Z4Q MQ&=UfifBi Q. JUL .LtW&LINt
"QAIlMf AIKQZUhiB

2o2.. &. d PEhg oZrU.".L _tdl. RSILrAL £1IMM. -4..

The i9st article RP/BR softened with hexane and prepackaged In 0.75

In-diameter and 4.5 In-long stainless steel feed cylinders

(billets) with end caps was supplied by the Sponsor through Oak 4,,

Ridge National Laboratories (ORNL) and was stored at ambient . z

temperature. A record of the test article was maintained which

Included date of receipt with Identification numbers of each

cylinder and the date and study number for which it was used.
, %••J.,

2.2.2. inha atJ.ll fLx. E Ur.A EaQ.I.1Jty.

The facility consisted of Inhalation exposure chambers equipped

with air flow and differential pressure controls; conditioned air • I

supply and chamber air exhaust systems; red phosphorus/butyl

rubber extrusion-combustion generators and various aerosol

monitoring systems.

Supply air to the Inhalation exposure laboratory was preconditioned

by passing through prefIlIters, charcoal filters and an air

conditioning unit. Automatically controlled heating and

humidifying units built Into the supply air system maintained the

air temperature and RH at the specified ranges of 24 to 27 0 C and
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40 to 60 percent respectively. Prior to entering the exposure
chamoers the conditioned air was further filtered through a
fiberglass coarse filter, a charcoal bed and HEPA filter.

* The combined exhaust air from the exposure chambers was filtered
through a slngi.-housing, 30-eiement coalescent filter and
exhausted above the roof of the building. To prevent meld
corrosion the filter housing was built of polyvinyl chloride. The
control chamber exhaust was Independent from that of the
experimental test chambers to avoid potential contamination from
the RP/BR aerosol. The negative pressure and airflow rate In the
chambers and exhaust filter loading were monitored by differential

pressure gauges*

The aerosol was gen'irated by specially designed hydraulic
extrustion-combustion generators provided by the Sponsor through

* ~ORNI. The generator operates by exerting hydraulic pressure on the S
RP/BR forcing It to extrude from an orifice Into a burn chamber V_
where It Is ignited. The aerosol generated from the combustion
products Is transported directly Into the exposure chamnber Inlet
port. At a constant chamber airflow rate the concentration of the
aerosol Is a function of the extrusion rate of the RP/BR which Is
controlled by a precision hydraulic metering pump.

The rats were exposed to the test atmosphere In seven Identical
1-m3-sized stainless steel Inhalation chambers operating at an
airflow rate of 500 1/mln. Five RP/8R aerosol exposure chambers
and two filtered air control chambers were located In separate
rooms. (The Inhalation exposure facilities and aerosol monitoring L
methods have been described I n detail In the Phase I Report of
these stud Ies)

2 .*2 .*3 .* Afir." .L ft alL±Qr~na 
P

The RP/BR aerosol was monitored within each exoosure chamber for
mass concentration by gravimetric filter collection twice during
the 1-hr and three times during the 2.25- and 3.5-hr exposure
durations. In addition, mass concentrationi was monitored with
light scattering photosensors and amplifier signal output
continuously recorded. An Irtegrated average of the photosensor
reading was recorded slmultan4ýnisly with the gravimetric filter
sample collection. Aerosol plirticle size was determined with a
Quartz Crystal Microbalance-based cascade Impactor. The particle
size was monitored In each chamber once on each exposure day.
Determination of total phosphorus was conducted by
spectrophotometric analysis of the solubilized filter-collected
samples on one filter sample per chamber per exposure week. All
collected filters were recorded and stored In sealed containers
until submitted for chemical analysis. Oxygen levels In the
chambers were checked daily during each experiment and were
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consistently 21 percent.

2. 3 ..

In the following sections the experimental methodology is described
for all assays. Information on the number of rats used for each
assay Is provided In the subsequent section on "Experimental
Design".

2.*3al * *eA±mnarg a~a e~a~uamotgrr
2.3.1.1. Pulmonary Bactericidal Activity to [35]S-". IenatlLn s .-

Aerosols of [35)S-L• IuIaInJl disseminated with a Retec X-70
disposable nebulizer were used for the bactericidal activity apsays
using a method previously described for mice (Aranyl et al.* J.
Toxicol. and Environ. Health lag 55# 1983) and adapted for rats.
Radlolabeled K.& -nim9lnLaa were grown In a medium In which the %N42
sulfate requirement of the bacteria was provided by E 3 SSsodium
sulfate. Before aerosolIzatlon, the bacteria were washed
repeatedly and centrifuged for removal of unattached radlolabel.
Bacterial counts were determined in a Petroff-Hausser counting
technique. Radioactive counts were measured In a Mark III Liquid

Scintillation System (Tracor Inc.).

The radioactive bacterial aerosol exposure chamber Installed in a -1

glove box consisted of an 87-11ter main compartment (adequate for : ::,
exposure of 30 rats) that was accessible through appropriate
airlocks through which the animals were moved. An additional small
alrlock provided entry Into the glove box for the nebulizers and
Impingers. To prevent radioactive and pathogenic exposure hazard
to laboratory personnel# all air exhausted from the chamber was
passed first through an absolute filter placed within the glove box
and subsequently through a HEPA filter located on the outside.

Pulmonary bactericidal activity was determined In the lungs of the .
Individual animals from both exposed and control groups that
simultaneously Inhaled aerosols of the viable rad Iolabeled ,,
bacteria. The ratio of the viable bacterial counts to the
radioactive counts in each animal's lungs provided the rate at
which bacteria were destroyed 3 hr after Infection. Thus*

R
I Bactericidal activity - (1-) 100 ,-

K0

00
where R Is the ratio of bacterial to radioactive counts In the,-.
lungs of Individual rats at 3 hro and Ko Is an average "."
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determined from the same ratios in the lungs of rats killed
Immediately after Inhaling the bacteria.

2.3•1.2. Pulmonary Free Cells and Lavage Fluid k " --

Within 4 hr or 14 days after the last exposure, alveolar
macrophages (AM) were obtained by tracheobronchlal lavage. The ,4L•*.
rats were weighed, killed with an overdose of sodium pentobarbital
by Intraperltoneal Injection, and the lungs were lavaged through a
blunted 18 g needle Inserted into an Incision In the trachea with
nine consecutive 6-ml Infusions of warm saline. The AM were
collected from the lavage fluids by centrlfugation and resuspended
In Hanks' balanced salt solution (HBSS). The supernantant was
saved for lavage fluid-protein determination.

Qal1 Cgjnl&ls Total cell counts were made In a
hemocytometer. For determination of the cellular
distribution (I4.e., percent of AM,,
polymorphonuclear leukocytes and lymphocytes)#
differential counts were made on cytocentrifuge
preparations of cells fixed In methanol and
stained with Wright's stain.

Q..JLi.Ar. Id.nalal". ± ,•L "gshA•J I.•.IE. JILIJ.I were . ,
determined as previously described (Aranyl &.t AJl,
ASTM STP 732, D. D. Dunnom, ad., Am. Soc. for
Testing and Materials# 1981, pp. 48-61)0 using a
DuPont 760 Luminescence Blometer with the
procedure recommended fer the Instrument. The
assay Is based on the principle that when a
microsample containing ATP Is Injected Into a
suitably buffered reaction mixture of luciferase
and luclferln, the peak Intensity of the resulting
light flash Is directly proportional to the
concentration of ATP. ATP was extracted from
aliquots of the cell suspension cells by dimethyl
sulfoxlde (DMSO). The DMSO extracts were diluted :
with a specially prepared 0.01 M morphollnopropane,
sulfonlc acid (MOPS) buffer to overcome the quench
effect of the high concentration of DMSO In the -
aqueous extract for the luclferase-luclferln
react ion *,e.-

e•Qa2Gy.0gA.,% An In xltrm phagocytosis assay -*a
01ch measures the ability of rat AM to engulf

Jr-labeled chicken red blood cells
(ICR-CR8C) was used (Smialowltz I;t aL, Environ. , -

Res. 3 413, 1984). AM lavaged from the lungs
of exposed or control rats were adjusted to
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ixiO6  AM/mi In media containing the maximum
subagglutunetlng dilution of anti-CRBC antiserum
and three 0.5 ml samples were pI asid In 12075 mm
sterile polypropylene tubes. 'Cr-CRBC at a
1001 of CRBC to AM ratio are added In 50 pl
volumes to each tube* The essay tubes were placed
In carrier tubes to guard against possible
radioactive leakage and Incubated for I hr on a
tube rotator In a 370C CO 2  Incubator. After
Incubation# the tubes were centrifuged and
-spontaneous release counts were made on the
collected supernatants* The pellets were then
resuspended Igying buffer to lyse any
nonenguifed ý''Cr- IRBK The cell suspensions
were centrifuged one more time tb supernatants
discarded# and the AM-associated t'Cr-CRBC were
counted In the pellets In a gamma counter,

Io.±aJ wALLLLAL 9MOitai. For determination of
total cellular protein contents alI quots of the -

cell suspensions were treated with 1 percent
sodium deoxycholate (SOC) and assayed by the Lowry
method (Lowry At . Lp Jo Blol, Chem. l.21 265s,

LAa.yAS i~L.ig ArtaljkAj. Lavage fluids were assayed
for protein with the Lowry method without SOC
treatment.

iaaxyo.mjA= &:jjX Alveolar macrophage plasma - .

membrane ectoonzyme activities were determined on
aI Iquols of AM lysates. Approximatel y2.5x106
AM per rat were lysed In 0.05 percent Triton X-100 't
and frozen until use.

ISLamsfl* &miaQgLat.AL&Ai* LAP) activ it y was '

determined according to the method of Morahan ~ *

(Morahan, La Methods for studying mononuclear *.

phagocytes, Academic Press, 19811, pp.
473-476). The AM lysate was placed In pH 7.5
phosphate buffer and Incubated for 15 mini at
370C with 10 mM leucine p-nitroanIlide
substrate. The amount of p-nitroaniiine
released was measured at 405 mm with a
spectrophotometer *

".lkasLn Oahah21d I eLs Lataa L&E.1i. An
aliquot o f AM lysale was mixed with
Sorenson's glycune I I Buffer (pH 9.6) and
Incubated 30 min at 370C wlth 1.5 mM
thymidine-5'-phosphate-p-nitrophenoI to '::
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measure APD1 activity according to the method
of Edelson and Gass (Edelson and Gass, #.
Methods for studying mononuclear phagocytes,
Academic Press, 1981, pp. 469-472). The1i- A-

release of p-nltrophanol by APD1 was
quantitated by measuring optical density at
400 nm In a spectrophotometer.

1_1-Nuelmotida&A s 51-N) activity was measured •N
according to the procedure of Edelson and

SDuncan (Edelson and Duncano JLA Methods for
studying mononuclear phagocytes. Academic
Presso 1981, pp. 473-476). The AM lysate
was mixed with pHi 9,0 .rls-HCI buffer and
Incubated with 25 nCI 5'C:HJ-AMP/ml, 0.15

mM 50-AMP and 6 mM &-nitrophenylphosphate for
30 minutes at 37 C The amount of
tritlated 5'-AMP hydrolyzed was measured with
a liquid scintillation counter.

For calculations of ectoenzyme activities the
protein concentration of each AM lysate was
determined according to the method of Bradford
(Edelson and Duncan, La Methods for studying
mononuclear phagocytes, Academic Press. 1981, pp.
339-343). Dilutions of AM lysates were mixed with __

Blo-Rad Protein Assay Dye Reagent and the optical
density read at 595 nm In a spectrophotometer.
Protein concentrations of AM lysates were obtained
by comparing 0.0. values with samples of known
protein concentration using revers'. I near • . ,
regression.

Expression of data: Bactericidal activity was expressed as the
percent of inhaled I35]S-K. iUagaaLja k Iilled in the lungs 3 hr
after challenge (% BC) Total cells counts were elpressed as
number of cells x 106 per rat or as total cells x 10 per g
body weight (Totcell/g BW). The relative macrophage portion of the
differential cell counts was expressed as % macrophageo. Lellular
protein content was reported as ug protein8 per 10 5 cells. .,o*'-.

( Cellular ATP content was expressed as ATPfgxIO per ... cells
and as ATPfgxlO per ug protein. Phagocytosis of 1Cr-CRBC
was reported as the mean radioactive count (CPM). Lavage fluid
protein was expressed as total g protein recovered per g body
weight. The specific activity of each of the ectoenzymes (LAP,
APOI and 5'-N) was expressed as units of specific activity (SA)
where SA-nmoles substrate hydrolyzed/mln/mg protein. Because of
the programming limitations of the computer-generated tables used
In the "Results" and "Appendix A" sections the abbreviations used ,-
to Identify each assay and the mode In which the data are expressed
are summarized In Table 1 for the pulmonary response parameters.
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2.3 • 2. Standard IgjfJj;o I og• ";•,'•:•r•" •,•

2.3.2.1. Mortality, Clinical Observations, Body Weights and •

Food Consumption lb. .... •(

All animals were observed dally In the morning for survival, •Sj•
physical appearance, behav lot and any pharmacologic and/or
toxicologic signs. All observations were recorded on an individual
test animal basis. In addition afternoon survival checks were

• performed.

S Each animal was weighed using a Heftier PE 1600 balance with a

special animal weighing mode at the time of test animal selection,
at the Initiation of the study) weekly thereafter and prior to the
last exposure. For the rats designated for recovery the body
weights were recorded at the aforementioned time points and•1) 7-'

• continued weekly until termination, i

Average food consumptlan (FC) was measured Indivldualy for a 24 hr ',..',.,',..
period for the rats designated for recovery prior to the last.•,,,•4•
exposure [FClland again at the end of recovery (FC2). ='• '

2.5.2.2. Clinical Pathology•:.:!•.ii:i.!

Blood samples were collected from the abdominal aorta prior to,,.,.,;,-'.•.....•
necropsy for determination of the hematology and clinical chemistry •...•:.•..•
parameters listed in the followlng sections. The various methods •'-:•-'-'.•_.
of analysis are Ind leafed with associated references where'-""• ";• '.". •, ":<:::•1
appropr late. The mode of expressing the data Is shown in

p arenthes I s • •.',',:•,',•

2.•.2.2.1. Hematology •_+ .•

Coulter Counter Hodel S System- •'-'.','-
• •-./,..-•

H•ma:IL•czLt (HCT • rbc) Indlrect method; calculated value based G.'•'•',
on erythrocyte count and mean corpuscular volume .-.'•.'-::q ,'-- - ,jlJ:L•llSZO•obln (HGB g/dl) Cyanmethemoglo In method .•.•,•,
I•an •d2JCJUL•U/=P. • (MCV um•) ) E lectronlc S izln9 '.-.-.•':•"•
Procedure "'"'"
l•oan •d2r.IUL•CU liar H•mol• JJ•: ( HCH pg) I nd I rect method ; ,::-:,:-::•:•
calculated value based on erythrocyte count and hemoglobin """+"•
14ail• Co£1LiLSCUJJl£. ldll•12•JJ21•In ColLPm•IZ:l:rallon (MCH g/d I ) Indirect ;'•'+""'+"'(
method; calculated value based o• hematocrlt and hemoglobin Ip:=II
E ILY.1•.•c.•:L• Count ( RBCx lOU/mm•) E I ectron lc Count I ng •;•'•'
P r oc ed u re i•" •
Leuk;•r•J•l •J2•L•I• (WBCxlO]/mm3) Electronic Counting Procedure ,•,,.+,,•',+ -

, - .*¢1•'.

• +o ..- %•_%
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Direct Microscopic Count:

i..aukQcyjj D~lIffrant1a.l Qguknt: Immature Neutrophils (IM NEU
%wbc)# Mature Neutrophlls (M NEUl $wbc), Monocytes (MON $wbc)*
Lymphocytes (LYMPH % wbc)# Eosinophlls (EQS $ wbc:). Wright
stain procedure: (Schalm &~J Alp Veterine-y Hematology. Color
Plates Chapter, 3rd Edition, Lea and Feb l&-,, 1975)
NuleejgLaAa Bli0Q_1L (NRBCs/100 WOC) Wright stain procedure:
(Schalm 21 &is, Veterinary Hematology# Color Plates Chapter# 3rd
Edition* Lea and Febiggr I Meho (Sca75a)A
UnLtaJlat Qugn± (PLTx1O /mm D irectMehd(cam l p

___-Veterinary_ Hematology, p. 69. 3-rd Edition,, Lea and Febiger,
1975)

2.3.2.2.2. Clinical Chemistry

Centrifichem Centrifugal Analyzer System:

j~~gga~:(GLU mg/dl).p l~exokInase method (Neeley, ClIn. Chem.V
JA, 509# 1972.)
ULIAL WU~rpggn: (BUN g/dl) Modified urease technique (Karmen#
J. Clin. Chem. 3-A, 131, 1955.)

.a~alna am.nQLAirnAainr~ai~ (ALT lU/I), Modified Wroblewski and
LaDue technique (Henry 21 A.L. Am. J. Clin. Path. JA, 381,
1960.)
IJraL"LyQ~rjldai: (TRIG mg/dl) Tetrazolium salt reduction method
(Klotzsch a~t Al. Advances In Automated Analysis Vol. 1, Mediad
Inc*# Tarrytown, N.Y. p. Ill, 1973.)
TotaIl EE2:tg.Ln: (T PRO g/dlI) Biluret techn I ue (F aIlI Ing atj AL.,
Am. J * Clin. Path. u, 63. 1960.)
h.LumLa: (ALB g/dl). Bromocresol green method (Rodkey, Clin.
Chem. U., 478. 1965.)
GLohjj.lia: (GLOB g/di) calculated value as T PROT minus ALB.
M.Lum~aLU2LubiLLA rja~tJ1: (ALB/GLOB) calculated value
Ghalajiargl: (CHOL mg/dl) Cholesterol esterase cholesterol
oxidase method Roeschlou at ai Z . Kiln. Chem. u. Kiln.
Biochem. Jj. 226.# 1974.)
k~ir,~bLn 1 . d I roe t: (D BIL mg/dl) Modified Walters and Gerardo
method (Waiters S1 ii.. Microchern. J. 11~, 231, 1970.)

* fJ ~ totala iin: CT BIL mg/dl) Modified Walters and Gerarde
method (Walters at Al. Microchem. J. 1n., 231j, 1970.) ALaLn

A hJ~jahjA~: (AL PHOS lU/1) Modified Bessey-Lowry technique
(Neumqann gt A.L, Cl IIn. Chem. Actae 12., 183,, 1967.)

*G~A.LGJALum: (Ca mg/dl), Alizarin method (Connerty &J .L ClIn.
Chem.fl4, 7168, 1965.)
Inm.~an I E-hgaab.Rh2L1: (P mg/dl) Daly and Ertingshausen
technique (Daly al Ai. ClIn. Chem. 11, 263. 1972.)

* GCjLaatln E"Uh~.b.Ina a jI: (CPK lU/i) Modified Oliver
*mothod(O IIvor, B locheo. J. k..L 116, 1955.)
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KIUna Flame Photometer (Beckman):

Sod :I [a+ (Na mMol/l) Flame photometry
PaoassJum: (K+ mMol/l) Flame photometry

Chloride Meter (Corning Medical Co.)
G•hlrl.La: (Cl- Meq/l) Silver chloride precipitation method
(Catlove It agl. J. Lab. Clin. Med. lap 358, 1958.)

-The -abbreviaeti ons used to identIfy each assay in the computer
generated tables are summarized In Tables 2 and 3 for the
hematology and clinical chemistry data, respectively.

2.3.2.3. Necropsy and HistopatholQgy

Rats were killed with sodium pentobarbital and subse'luent
exsanguInation, either following the last exposure or 14 days
post-exposure, and necropsied under the supervision of the staff
pathologist. The necropy procedure Included a thorough# systemic
examination and dissection of the animal viscera and carcass and
col lection and fixation of all major tissues In 10$ neutral
buffered formalIn (NBF).

All tissues and/or organs were examined J.n &.ILt before dissection
from the carcass for Ind;vIdual examination. Tongue, trachea,
lungs and pulmonary lymph nodes were removed Intact. The lungs and
nasal passages were Infused with NBF prior to submersion Into NBF.
All tissues were fixed not less than 24 hours prior to trimming.

Tissue trimming (wet sectioning) was performod at IITRI under the
supervision and direction of the staff pathologist. Organs were
trimmed to allow the largest surface area possible for examination.
Each lung lobe was sectioned along Its main bronchus. Both a cross
section and a longitudinal section of trachea were made.

For all designated animals the following tissues and/or organs were
microscopical ly examined: the entire trachea, pulmonary lymph
nodes, each lobe of the lungs and two transverse sections of the
skull through the nasal turbinates. (The first section was the
palatal ridge level). In addition, for the control rats and those
rats which were exposed to the highest concentration and frequency
of RP/BRP adrenals, duodenums esophagus, eyes, heart, liver,
kidneys, stomach and urinary bladder were also examined.

Tissues In paraffin blocks were submitted to Experimental Pathology
Laboratories Inc. (EPL), Decatur, IL where hematoxylln and eosin
stained sections were prepared and examined. Selected specimens
from lung tissue were also examined by Masson's trichrome stain for
col lagen fiber formation.
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Table 2

IDENTIFICATIONS OF ABBREVIATIONS FROM COMPUTER-GENERATED TABLES
AND MODE OF EXPRESSING THE DATA FOR HEMATOLOGY PARAMETERS

HEMATOLOGY

HVALUE$Y Key to Abbreviations

HCT % Hematocrit

tGWS i/di Hemoglobin

MCV urn' Mean Corpuscular Volume

MCH pg Mean Corpuscular Hemoglobin %-

MCHC 9/di Mean Corpuscular Hemoglobin Concentration

Rocx 0o,/mm, Erythrocyte Count = •N

wSCx 10o/mel, Leukocyte Count - Total

PLTx 1O'/mm* Platelet Count

"IM NEU %WBC Immature Neutrophils *, '

M NEU %W.C Mature Neutrophils Differential

LYMPH %WBC LeukocyteLymphocytes fCut-1S~~~Count " ,•

MON %WBC Monocytes -

EOS %Wac Eosinophils

NRBC/tO0 W8C Nucleated Red Blood Cells

,'.,k.
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Table 3
IDENTIFICATIONS OF ABBREVIATIONS FROM COMPUTER-GENERATED TABLES AND

MODE OF EXPRESSING THE DATA FOR CLINICAL CHEMISTRY PARAMETERS 61.

CLIN. CHEM.
VALUES Key to Abbreviations

GLU Mg/dl Glucose

BUN .9/dI Blood Urea Nitrogen

ALT lu/i1 Alanine Aminotransferase

TRIG n9/011 Triglycerides

T PRO g/411 Total Protein

ALB 9/011 Albumin
CHOL mg/dl Cholesterol

0 BIL rag/di1 Direct Bilirubin

T OIL ,ugldI Total Bilirubin:.i1

AL PH'OS ZU/1 Alkaline Phosphatase

Ca mg/dl1 Calcium

P wag/di Inorganic Phosphorus

No fttOl/1 Sodium

K rn*0l/1 Potassium

cl N eq/ I Chloride

CPK IU/i Creatine Phosphokinase

GLOB g/dl Globulinr '

£18/GLOB Albumin/Globulin Ratio ,~

41:
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2.3.3. NJwrobahevlor&j Ar. l ,.

Subsets of the rats were tested behavioral ly within 48 hr after the
last exposure. In the preliminary study (SN 79), the post-exposure
tests were administered on the day following the last exposure,
whereas, In study Nos. 79-S and 79-SF. the post-exposure
behavioral testing was on the same day as the last exposure. In
all three studies, separate groups of rats were evaluated for
recovery of behavioral Indices 14 days after the last exposure.
The behavioral Indices considered were locomotor activity as
measured in a figure 8 maze, fore- and hindlimb grip strength, and
one-way active escape-avoidance acquisition and short-term
retention. The three tests were administered in the order listed
above* The fore- and hindlimb grip strength test was omitted for
SN 7 9-SF .

2.3.3.1. Locomotor Activity

The apparatuses for locomotor activity measurements were two
fIgure-eight mazes (Digiscan Animal Activity Monitors, Omnltech
Electronics, Columbus, OH) with an eight-channel printout counter
(Datalogger 8000, Omnitech). in the figure-eight maze, activity is
measured as photobeam Interruptions for 8 sets of photobeam-sensor
combinations spaced through the arms of the maze. Each animal was
placed Individually in the figure-eight maze for a period of 20 min
and an Interim count was printed after the first 10 min. Thus, the
three activity counts analyzed were expressed as: activity for the
first 10 mln, activity for the second 10 min and activity for the
total 20 min.

2.3.3.2. Fore- and Hindlimb Grip Strength

The apparatus and procedures for fore- and hInd I mb grip strength
were as described by Meyer et al (Neurobehav. Toxicol. 1. 233,
1979). Briefly, this test employed pull-push strain gauges
(ChatillIon, Models DPP-1.0 kg and OPP-2.5 kg, J. A. King,
Greensboro, NC) to measure the grip force of the fore- and
hindlimbs. The animal was placed In a trough and allowed to grip
with Its forepaws a triangular grasping ring which was attached to
the forward-mounted strain gauge. The animal was steadily pul led
by the tall away from the ring until the grip was broken. Pulling
was continued until the hindlImbs grasped a T-bar mounted on a
second strain gauge behind the trough, and further continued until
the grip of the hlndpaws on the T-bar was broken. The animal
received three consecutive trials and fore- and hlndlimb grip
strength (grams force) was recorded from the forward and rear
strain gauges. The fore- and hIndIImb grip strength scores for
each animal were derived by averaging the results of the three
trials.
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2.3.3.3. One-Way Active Escape-Avoidance

The apparatus for this test was comprised of two plexiglass
compartments with a connecting guillotine door. The smaller (4-1/2
x 9-1/2 x 7-1/2 In), dark compartment was of black plexiglass and
had a grid floor wired for delivery of foot shock. The "safe"
compartment was 7 1/2 x 9-1/2 x 7-1/2 In and was clear plexiglass.
The apparatus was housed In a sound-attenuating chamber (Coulbourn
Instruments, Lehigh Valley, PA, Model E10-20). A compound
conditioning stimulus was provided by a cue light located In the
top of the sinaller compartment and a tone del ivered through a
speaker (Coulbourn E12-01) located In the right rear corner of the
sound attenuating chamber. Tone generation was via a Coulbourn
generator (S81-06) and amplifier (S82-24). Foot shock (.75mA) was
deilivered via BRS-Foringer (Lehigh Val ley, PA) shock generator and
scrambler CSG-901, SC-902). Other support equipment Included
various timers and switches for programming the delivery of shock,
tone, and light presentations, a printout counter (BIRS-Fortnger
POC-112) for recording of data, and a photocell-sensor and control :
assembly (Lafayette Model 5811).

During the acquisition phase of this procedure, each animal was
given four consecutive training trIals. On each trial, the animal
was placed In the smaller compartment; the guillotine door was
raised and the light, tone and shock were turned on. The animal
could escape the shock and turn off the conditioning stimuli by
moving 3 Inches Into the safe compartment where a photobeam-sensor
unit was located. If the animal did not escape within 20 sec, the
trial was terminated and the three stimuli turned off.
Approximately 10 min following Its last acquisition trial, each

animal received two consecutive test trials. For a test trial, the
onset of the conditioning stimuli (light and tone) preceded the '
onset of shock by 10 sec. During this Interval, the animal could
avoid shock and terminate the conditioning stimuli by moving to the
safe compartment. After shock onset, the animal could escape If It t
moved to the safe compartment within 10 sec or If It fai led to

escape, shock, tone, and light were turned off at the end of this7'-
time.
Expression of data: Three activity counts were analyzed for
loconotor activity In the figure-eight maze. These were activity
counts for the first 10 min, activity counts for the second 10 min,
and the sum of these two or total activity counts for the 20 min
test period. Fore- and hlndlimb grip strength was measured In
grams force on each of three trials. The data were expressed as
mean forelimb and hIndlimb grip strength for each animal with the
means being derived by averaging across the three trials. The data
points considered in analysis of the one-way active
escape-avoidance were as follows:
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Time (sac) to escape shock on each of four training trials
Number of times shock was escaped during training
Time (sac) to avoid or escape shock on each of two test trials
Number of times shock was avoided during testing
Number of times shock was escaped or avoided during testing

For training a maximum time to escape of 10 sec was utilized and

during testing the maximum time recorded was 20 sec.

The abbreviations used In reporting the data for neurobehavloral

measures are given In Table 4.

203.40 Qiftatics I1Jg.Q~g.Ls Micron"JILITk tl .... ..

2.3*.4.1. Red Blood Cal I Assay

The blood samples were prepared for analysis with a modification of

the method of R. Schlegel and J. MacGregor (Mut. Res. jQJ:367,
1982). The rats were gently restrained by hand while the tip of

the tall was snipped off with dissecting scissors. Three drops of

blood were dispensed Into a small well of a porcelain dish by

gently "milking" the tall. The blood was mixed Immediately with .. --

three drops of calf serum. Blood smears were made on duplicate

pro-labeled, methanol-cleaned glass slides and allowed to air-dry

for at least 12 hours.

The slides were fixed In methanolI rinsed twice In delonlzed,

distilled water and stained for 10 minutes with Glemsa (1 part

Glemsa + 5 parts distl lied water, prepared fresh and filtered

through Whatman No. I paper). After thorough rinsing and drying,

the slides were cleared In xylene and coverslips were affixed with

permount. Cells were counted under 40X magnification, and the '•.,'-*•-

number of mlcronuclel (MN) per 1000 blood erythrocytes were

tabu I ated .

2.3.4.2. Bone Marrow Assay

Bone marrow cells were harvested following the method of M. Von

Ledebur and S. Schmid (tut. Res. 12:109, 1973). A femur was

removed i•JD toQ from each rat by cutting through the pelvis and

tibia and carefully separating the distal end of the bone from the

knee with gentle traction. The bone was cleaned of muscle and

tissue with gauze. A 5-mi plastic centrifuge tube was filled with
fetal calf serum. A small volume of serum was aspirated Into a 3

ml syringe through a 20 gauge needle which was Inserted

subsequently a few mm Into the proximal end of the femur (distal

end remains closed). The femur was submerged completely In the

serum tube while alternate aspirations and flushIngs evacuated the
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bone cavity and produced a fine suspension of cel Is. The cel Is
were centrifuged at 250 xg for 5 minutes and the supernatant
decanted, leaving only a small volume to resuspend the cells.
Smears were made on duplicate slides.

The cells were prepared for analysis following the method of
Hayashi &t aL. (Mut. Res. 121:241, 1983). Briefly, The slides
were stained In Acridine Orange (A.0) working solution (2 parts of
0.1% aqueous stock A.O. + 30 parts Sorenson's buffer pH 6.8,
prepared fresh and filtered through 0.2 um membrane filter). The
slides were rinsed In buffer 3 times and coverslips were affixed
with buffer and the margins were sealed with rubber cement. The
slides were examined the same day using a fluorescent microscope
with a BG-12 excitation filter. The number of mlcronucleated cells
was tabulated for polychromatlc erythrocytes (PCE) as well as
normochromatic erythrocytes (NCE).

Expression ot data: The genotoxIc response was expressed as 'mean
number ot micronuclel In bone marrow polychromatlc erythrocytes and %%,
In circulating blood cells (normachromatic erythrocytes). The
abbreviations used to Identify each parameter In the computer
generated tables are summarized In Table 5.

3. STATISTICAL APPROACH AND EXPERIMENTAL DESIGN K
When a sufficient amount of Information Is available about the
biological effects of a given compound, completely balanced
randomized deslg;fs are essential for drewing inference from
experimental data. In these experiments, levels of one or more 4
design variables or "factors" are examined with all possible
combinations of every other factor, therefore providing full
Information regarding main effects of each design variable (eg.
concentration) end higher order Interactions (eg. concentration by
frequency of exposure).

In some experiments, we know very little about the biologically
effective concentrations of an experimental compound and even less
about the effect of that compound when used In various combinations
with other factors such as, In our case, the frequency and duration
of exposure. In these cases It Is recommended to proceed In two
stages.

In the first stage a subset of combinations of conditions are
tested. From these preliminary data, a mathematical model Is
conqtructed which will predIct optimal combinations of design
variables (e.g. concentration, duration and frequency of
ex-posure). If the predicted maximum Is far away from the values
chosen for the pilot study, new comb inat Ions closer to the
predicted values may be tested. In this way the range of
biologically effective combinations of the design variables may be
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IdentIfIed quickly and economically (i.e., all possible
combinations of the design variables do not have to be tested),

in the second stage of analysis, a conf Irmatory study with
Increased sample size Is conducted. Based on the results ot the
preliminary Investigation, a much more focused selection of
conditions may be chosen. The number of treatment combinations Is
of course greatly reduced, since the preliminary study has already
Identifled treatment combinations that produce maximal responses.

The previously described experimental procedure Is known as
"response surface modeling." Statistically, tho rgethod Involves
fitting a response surface model to the experimental data using
least squares, and moving to the area of experimentation along a
path of steepest ascent until It Is near a stationary point. This
point Is then explored In much greater detail. l

Experimental lyp the current study has Involved three separate
experiments and four phases of statistical analysis. In the
fol lowing, details of each study and corresponding analyses are
described.

* This first experiment was used to characterize the response
surface The purpose of this study was to Identify combinations ot N
concentration, frequency and duration that yield maximal bbological
effects. Results of this study were then used to select more
specific levels of concentration, frequency and duration for more
detailed studies In larger samples of animals.

The fol lowing experimental desl-a parameters were selected to be
applied In various combinations In a 4-week exposure study.

o Animals: Four male rats per treatment group.

o Exposure Conceptration: Three RP/BR aerosol
concentrations C1<C2<C3 (CI=0.4 mg/l,
C2-0.75 mg/I, C3r1.0 mg/i) and filtered air ,.&%
control (CO). 4

o Exposure Duration: I hr and 3.5 hr.

o Exposure Frequency: FI(XX), exposure on two
consecutive days; F2 (XXXX), exposure on four
consecutle days; F3 (XOOX), two exposure days
separated by two days rest.

o Biological endpoints: Pulmonary bactericidal
activity (BC); Lavage: pulmonary free cells
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and lavage fluid protein (LAY); Behavioral
tests (BEH); Standard toxicology (TOX), ,

"o Biological endpoints were tested after the last
exposure or In case of one exposure group 1.41

(C3, F2, 3.5 hr) also after a 14-day recovery
period (R) following the last exposure. N-

"o Controls for all exposure conditions and all
endpoints were exposed to filtered elr for
3.5 hr at F2 (XXXX).

All animals were exposed for four weeks. Exposures to
concentrations CI, C2 and C3 were simultaneous; however different
frequency groups were scheduled separately. Post eKposure
experiments were conducted on the days of the last exposures for
all endpoints except for BEH tests which were done one day after
the last exposures. Recovery experiments wero conducted 141days
after the last exposure for all endpolnts except for BEH tests
which were done 15 days after the last exposure.

In order to facilitate the time-consuming and labor-intensive 6. rWM
C processes of the BC, LAV, BEH, and TOX endpoints, the exposures ,•

were sa'ggered. Biological endpoints for three exposure
concentrations and two exposure periods were handled on the same .1 L4%.
day# but exposures of animals for the different frequency "-N
experiments for each endpoint were scheduled Individually. Details
of the exposure and assay dates for the different ondpolnts and the
S actual animal numbers assigneu for each group were summarized In
tables Included In the experimental protocol. ,

3.2. U•J•_UNDE .lIU L• ULIU bJH H&LE RAT.lU.XI hi" 9• -

The conclusions of the preliminary statistical analysis by response
surface method of the data of Study No, 79 demonstated relatively
few compound-related effects and those that were obZerved generally
exhibited complete recovery after 14 days. The data also Indicated
that neither exposure duration nor frequency produced major changes
In effects observed at a given concentration. Based on this
statistical evaluation, the experimental conditions for the
supplemental study No. 79-S were selected as follows-

o AnImals: 15 per treatment group.

o Exposure Concentration: O 0.75, 1.00 and
1.30 mg/I (CO, Cl, C2 and C3). Because of ,.,,,
mortal Ities observed after one or two "'"""
exposures to 1.3 mg/I RP/BR aerosol, this
target concentration was lowered to
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1.2 mg/I after consultation with the Sponsor.
The change was effective on the third day
of exposure.

o Exposure Duration: 2.25 hr/day

o Exposure Frequency: Exposures on four consecutive
days

o Exposure Period: Four weeks

o Biological Endpoints= Pulmonary response parameters
(in vio bactericidal activity, pulmonary free
cell numbers, cellular ATP and protein levels, ecto-
enzyme activities, phagocytosis, pulmonary lavage
fluid protein levels), general toxicology (clinical

and morphological pathology) and neurobehavloral
activity tests were performed on the last exposure; •
day to CO and to RP/BR aerosol concentrations of
Cl, C2 and 03.

o Recovery Period: Additional rats exposed to CO, C2
C3 were tested after a 14 day recovery period
following the lest exposure.

To utilize project personnel in conducting all endpoint experiments
most efficiently, the four daily Inhalation exposures within each
week were staggered by conducting them with various groups of
animals from Monday through Thursday and Tuesday through Friday,
respect I ve I y .

Study No. 79-SF was conducted to examine female rats under similar
exposure conditions to those that were used for males In Study No.
79-S. Because of mortalities observed In the male rats upon
exposure to the highest RP/BR conrantratlon (1.3 and 1.2 mg/I
respectively as described above) the exposure concentrations for
this study were lowerod. The experimental design for Study No.
79-SF was as fol lows:

o Animals: The number of rats used was 15 per
treatment group except for the genetic
toxicology assays In which 4 or 5 were used.

o Exposure Concentration: 0, 0.40, 0.75, and
1.00 mg/I (CO, CI, C2 and C3).

o Exposure Duration: 2.25 hr/day.
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o Exposure Frequency: Exposures on four
consecutive days.

o Exposure Period: All treatment groupsý were
exposed for four weeks before measuring
biological endpoints except those for the
genetic toxicology assays which were also
tested after two weeks of exposures.

o Biological Endpointss The micronucleus test
(IA Yviv rat bone marrow method) for v.v
cytogenetic evaluation after RP/BR exposure
was added to the endpoints used In Study No.
79S. Only two neurobehavloral assays
were conducted for this study. These were
locomotor activity and one-way active
avoidance. (The fore- and hindlimb grip
strength assay showed no effects In prior
studies). The biological endpoints for
pulmonary bactericidal activity, pulmonary
lavage parameters# neurobehavloral activity
and standard toxicology were tested on the

C last (sixteenth) exposure day to exposure
concentrations of CO, C1, C2 and C3.
Genetic toxicology assays were conducted on j
rats from CO and C3 exposure groups on the A bA
eighth and the last exposure days.

* o Recovery Period: Additional rats were exposed
to CO, C2 and C3 to be tested after a 14 day
recovery period fol lowing the last exposure.

To utl Iize project personnel In conducting all endpoint experiments
most efficiently# the Inhalation exposures were staggered over a

* five-week perlod. In addition, the four dally exposures within
each week were also staggered by conducting them with various
groups of animals from Monday through Thursday and Tuesday through
Fr !day.

3.4.•
3 - 4. sT UJ. k

The statistical analysis of these data proceeded In three stages.
(1) the analysis of the Initial response surface (Study No. 79),
(2) the analysis of the expanded confirmatory experiment with male
rats (Study No. 79-S). and (3) the analysis of the expanded
confirmatory experiment with female rats (Study No. 79-SF). -K -;.

The first study (Study No. 79) was used to obtain an Initial
characterization of the response surface. In light of the large
number of measured parameters and the large number of experimental
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design conditions (I.e. concentration, duration, frequency and
recovery), the following statistical strategy was used. First,
three-factor fixed effect univarlate analyses of variance were
computed for each outcome variable separately for rats tested
Immediately after the last exposure and for those tested after a
14-day recovery (treatment and recovery sacrifice animals). The ;-'
three factors were concentration, duration and frequency. Second,
extensive Ia±jl=hac. comparisons were computed for Individual
treatment conditions (e.g. control versus high dose In frequency 1
and duration 1 etc) and for various combined marginal distributions ,
(e8g. control versus high dose averaging over frequency and
duration). These latter comparisons were only Interpreted in the
absence of significant higher order Interactions (e.g.
concentration by duration). In light of this strategy, significant
main effects and Interactions are reported for each parameter at
the treatment sacrifice. and the recovery status of that effect Is
then reported by examining the significance of the parallel
analysis In recovery animals. In studies that followed 'this
preliminary experiment, Increased sample sizes and fewer
experimental conditions allowed us to treat recovery as a factor In
the design and directly estimate concentration by recovery
Interactions using both multivariate and unIvarlate test
statistics.

In the first study all parameters exhibiting significant
Interactions are first reported and then remaining parameters that

only exhibited main effects of concentration are discussed.
Otherwise the general statistical methodology used In each stage of
the analysis was essentially the same. In each study and the
overall analysis, a three-stage hypothesis testing model was used.
First, each logically related set of response variables that were
simultaneously measured In the same animals was analyzed by a throe
factor (Study 79),. or two-factor (Stud Ies 79-S and 79-SF)
multivarlate analysis of variance (MANOVA). A significant main
effect of treatment Infers that there were significant differences
between treatment groups averaging over recovery and non-recovery
animals. A significant treatment by recovery Interaction Infers
that the effdct of treatment differed In recovery and non-recovery
animals. I;i many but not all cases, this effect Indicates that
signlflcan't recovery occurred. In Study No. 79 the frequency by
treatment and duration by treatment Interactions were also
examined. The presence of these higher order effects would
Indicate that the effect of exposure depended an the specIfl;c
frequency, duration or both.

Second, in the presence of a significant multivariate test
statistic, Individual univarlate analyses of variance (ANOVA) were *::I
performed In each response variable separately. The logic of the
specific tests of hypotheses Is Identical to tho multivai-late test,
except that these tests are now focused on Individual parameters
(eg. bactericidal activity) and not the entire response set (e.g.

l4i
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all p•Imonary response parameters).

Third, for Study Nos. 79S and 79-SF in the presence of significant
multivarlate and univarlate tests, Individual "Ig.St h2• comparisons
(ioe. each treatment group compared to Its respective control in .
terms of every Individual parameter, for recovery and non-recovery
antmals separately) were performed. These statistics (Dunnett's
test) aid In Interpreting exactly where significant between-group
differences occurred. Tests of linear dose-response relations are
also performed at this stage using Pearson product moment

* correlation coefficients (in non-recovery animals only).

The statistical significance of R -_JhQC comparisons of exposed
relative to control groups was Indicated by the presence of
asterisks In the summary tables of results. The placement of an
asterisk was based on the significance of Dunnett's test. In Study
No. 79 the significance of all Ca1::ho2 comparisons w~s repprted 4
regardless of the significance of main effects and Interactions.
This was done because of the complexity of the design at this early
stage of the study and the exploratory nature of hypothesis testing
In the first phase of constructing the response surface. In the
confirmatory studies (79S and 79SF) agst-hor, comparisons were only
conducted In the presence of a slgn;ficant main effect or •,.-1
interaction. In light of the more confirmatory nature of these
studies, asterisks on summary tables only appear for parameters
exhibiting sigrificant F statistics.

A type one error of p<jO 05 was assigned a l~r.Jl for all
statistical comparisons. For purposes of displays the number ot
signlficant digits for a specific parameter was kept constant
across conditions. In rare cases two means that may look similar
or even Identical may yield different statistical results (le. one
P.s1_=h= comparison Is significant whereas the other Is not). The
apparent Inconsistency Is due to rounding. For example data
reported for two treatment groups as 0.10 j 0.01 and 0.10 ± 0.01
and controls 0.11 ± 0.01 may actually reflect true values of Tx 1

0.100 ± 0.010, Tx = 0.104 ± 0.005 and 0.105 + 0.005 for
controls. The result might be significant for Tx1  but would
clearly not be significant for Tx 2 .

C_
4. OBJECTIVES AND RESULTS

4 T. E 1 .T6I. IEST TIH.Ui

The experimental test atmosphere characterization data are
summarized In Tables 6, 7 and 8 for study numbers 79, 79-S and ____

79-SF respectively. The means and standard deviations for RP!BR
aerosol mass concentrations, the corresponding MMAD and pg for
particle size and the percent phosphoric acid levels of the
aerosols were measured In each of the exposure chambers as
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described in Section 2,2.3. The overall means for the entire
exposure period for aerosol mass concentration (from gravimetric
filter-collected samples and from the Integrated time averages of
the continuous photosensor readings, respectively) and for particle
size were calculated from daily means for each chamber. The
phosphoric acid levels were determined from one filter-collected
sample analysis per week per chamber.

For Study No. 79, the exposure data are summarized In Table 6.
The RP/BR aerosol exposures were conducted at target concentrations

of 0.40, 0.75 and 1.00 mg/I In three Inhalation chambers at I hr ;

and 3.5 hr durations on Mondays through Fridays staggered over a
five-week period at the specified frequencies of F1, F2 or F3 as
described In the experimental design. The first exposure was on a
Friday to accomodate the F3 schedule using Saturday and Sunday as
the rest days between the two exposures. Thus the total number ot
days on which exposures were conducted over a five-week perlod at a
given concentration and duration Including all three frequencles
used was 26. The phosphoric acid levels were determined from 5
samples, one filter-collected sample per week, during the 3.5 hr
exposures.

Study No. 79-S was conducted at target concentrations of 0.75,
1.00 and 1.20 mg/I in five Inhalation chambers at 2.25 hr/day, on
four consecutive days/week, for a period of four weeks. The high
dose originally selected was 1.30 mg/I, however after a
concentration overrun on the first exposure day followed by
mortal Ities on the second day (for details see Section 4.3,2) the
target concentration was lowered to 1.20 mg/I on Day 3. Table 7
Includes data collected throughout the entire study. Because of
the labor-intensive nature of the biologic endpoint experiments the
groups of rats were staggered for exposures Mondays through
Thursdays and Tuesdays through Fridays. Chambers 1, 2 and 3 were
used on 5 days per week and Chambers 4 and 5 were used Tuesdays,
Wednesdays and Thursdays. The mean mass concentration and particle
size values for each target concentration were calculated from 20
daily means (5 days/week for four weeks) for Chamber Nos. 1, 2 and
3 and from 12 daily means (3 days/week for four weeks) for Chamber
Nos. 4 and 5. Phosphoric acid levels were determined from one
filter-collected sample per chamber per week.

For Study No. 79-SF, (Table 8), female rats were exposed In five
Inhalation chambers at RP/BR aerosol target concentrations of 0.40,
0.75 and 1.00 mg/I for 2.25 hr/day on 4 consecutive days/weeks,
Mondays through Thursdays or Tuesdays through Fridays for a total
of four weeks. For Chamber Nos. 1, 2 and 3 the exposures were
staggered over a five-week period. In Chamber Nos. 4 and 5
exposures were •.onducted Tuesdays through Thursdays over a
four-week period. Thus, the aerosol mean mass concentration and
particle size were calculated from 25 daily means for Chamber Nose
1• 2 and 3 and 12 dally means for Chambers 4 and 5. The phosphoric
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acid levels were determined from samples collected weekly from
Chambers 1, 2 and 3, over a five-week period, and from Chambers 4
ind 5 over a four-week period.

The data Indicate that the target concentrations were well
maintained at each exposure level throughout each of the three
studies. Mean RP/BR mass concentrations were consistently within
4% of the target value when measured gravlmetrically, and within 3%
of the required concentration when determined using the light
scattering photosensor. Standard deviations of the daily mean
concentrations were below ± 8% In every Instance when calculated i
for either sampling method. Excellent agreement between the
grevimetrIc and light scattering methods were demonstrated with
variations In mean daily concentration between each method being
approximately equivalent In magnitude to the deviations due to
actual concentration fluctuation measured within each method. The
particle size data Indicate excellent aerosol stability throughout
the exposures with the mean ranging from 0.44 to 0.64 Lm andtmean
tg from 1.66 to 1.97. Phosphoric acid levels ranged from 61 to 74%

H P0 4 . The variation from sample to sample is generally
thought to Include the Inherent errors due to sampling and chemical
analysis In addition to the actual fluctuation In phosphoric acid
levels In the chambers.

4.2 O&BARTERIZTI QE IHE RMKSE .UIREAi. II=8L LQ Z2

The objective of this study was to define the experimental
conditions In terms of combinations of exposure concentration;
duration and frequency that produce maximal effects In the biologic 41
response parameters selected for the project. The choice of
response surface model Ing as the statistical approach made It
possible to work with a low subject number (n=4) for this Initial
study as necessitated by the need to test a large number of
experimental design conditions coupled with multiple biological
endpoints at the end of the exposures as well as after a recovery
period. Based on the results more specific conditions were to be
selected for subsequent studies with Increased sample size to find .
the most sensitive biologic response parameters to be used In the
subchronic exposures In the final phase of the research program.

Response surface model ing allows the Investigator to proceed In
stages so that the greatest amount of statistical power (i.e.
sample size) can be placed at the location on the surface producing -
the maximal biological activity. In light of this, It is often
useful to begin with modest sample sizes and Increase them as the :. '
surface becomes better defined. This Is particularly Important
because at early stages In the experimental design we are examining
many parameters under many conditions, whereas at -the end of the 'F_,'69
experiment we have narrowed our view to a specific sot of response
parameters under specially chosen experimental conditions.
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In the current study we selected a design consisting of four
concentrations (Including control), three frequencies, end two
durations tested Immediately after the lost exposure, and two
concentrations (high dose and control), one frequency and one
duration tested after a recovery period. This design yielded 26
treatment groups each with a sample size of four animals.
Obviously, an n of four Is Inadequate to test the four-way
Interaction of concentration by duration by frequency by recovery.
This sample size Is adequate, however, for tests of main effects
and two-way Interactions. For example, the main effect of
concentration has a relative sample size of 24 animals per dosage
group and control (since the design Is completely balanced). The
concentration by frequency and concentration by duration
Interactions also have adequate sample sizes. In light of this,
the selected sample size In the first study yields more than
adequate statistical power for an Initial characterization of the .,,

response surface Involving main effects and all possible two-way
Interactions. Further studies using more specific experimintal
conditions had appropriately Increased sample sizes.

The three RP/BR aerosol concentrations of 0.40 (CI), 0.75 (C2) and
1.0 (C3) mg/I were selected on the basis of the results ot the
preliminary range finding studies of Phase iI. Durations of I and
3.5 hr were used already In some of the Phase II exposures. The ,
selection of exposure frequencies per week was Intended to broaden
the range of the effect of the Inhalation by subjecting the rats to
the smoke at the same concentrations and for similar durations on
two consecutive days (F 1 ), four consecutive days (F ), or two ""-"
days separated by two days of rest (F3 ). Maximal y stressed
controls Inhaling filtered air for 3.5 hr/day on four consecutive
days/week were used with all exposure combinations. The total
exposure period was four weeks fol lowed by two weeks ot recovery
with biologic assays conducted at both time points (deTails of this
drsIgn are described In section 3.1). V

The experimental data are summarized In Tables A-i to A-43 of
Appendix A. The tables were computer-generated from the results of
the experimental data entered for statistical analysis. Because of
table print-out programming limitations there are for each group of
biological response parameters, separate tables comparing the
values measured at the three test concentrations relative to n..

controls for each frequency-duratlon combination (i.e. six tables
for the combination of three frequencies with two durations) for
assays conducted Immediately after the last exposure plus an
additional table for the results of the post- recovery assays.
Thus there are seven tab les each for pulmonary response,
neurobehavloral actlvltyp clinical chemistry and hematology
parameters, body weights and body weight gains, and there Is one
table for food consumption. . .

For the data summarized In these tables Il1:t-hcQ. comparisons (i.e. ,'.'.
o <Vi.-. +
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Dunnett's test) were computed automatically without regard for the
statistical significance of relevant main effects and Interactions.
For the purpose of Interpretationo however, we are only permitted
to draw inference from p&.ti-Jrc- comparisons that are associated
with significant main effects or Interactions. In this preliminary 9.
study several scattered significant p.Ls&Jhoc- comparisons were
observed In the absence of significant main effects and
Interactions. These p.aQjhQ. comparisons are consistent with
chance expectations (given the large number of multiple 2
comparisons) and should therefore not be interpreted. In fact.
only a small number of significant main effects and an even smaller
number of significant Interactions were found. These results are
presepted In the following.

4.2 1. 1 •L 1Aacy&rf nft na r :

A significant concentatlon by duration Interaction was observed for 4
ATP/celIs (p,10.0 0 6). ATP/proteln (p<0.002) and pulmonary
bactericidal activity (p<O.O02). Bactericidal activity and ATP
were In general decreased# however, this effect appeared to be more
pronounced for the I-hr duration In medium and high-dose animals.
In addition, a significant concentration by frequency Interaction
(pO.05) revealed that ATP/proteln values were more significantly
decreased In F3 animals. However this effect appeared to be due to
an unusual high control value for this parameter In F3 exposures.
Similarly* the significantly Increased percent macrophage values
(from differential counts) In the Immediate as well as recovery
sacrifice animals was due to markedly lower than historical control
values.

4e2.2. ftgehay.lgrn.L K*Aa.ILtI

Locomotor activity counts of the low and high dose animals were
significantly Increased over controls for the second 10-minute
Interval of testing In the figure-eight maze (p<0.02). Complete
recovery was observed from this effect. A significant
concentration by duration Interaction was observed for total
activity counts during the 20-minute test period. This effect was
due to greater Increases In counts for the 1-hour exposure
duration.

4.2.3. &U ,tQIQg ADA: QLinkL QkmLstrX

Relatively few effects were found for these parameters. Several
concentration by duration Interactions were seen due to some low
outlying values In the medium dose 1-hr duration group. These
effects are small and most likely artificial.

The only strong main effect of concentation was for BUN values
(p<O.0001) which were decreased In all concentration groups. This •.,•
effect exhibited full recovery. BUN levels are usually elevated
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under conditions of Insufficient renal clearance. On rare
occasions, slight decreases are observed, usually In debilitated
animals. Therefore, on the basis of these BUN data renal Injury is
not anticipated. In addition# medium dose Inorganic phosphorus
levels were decreased relative to controls.

A few concentrations by frequency Interactions were also observed.
Cholesterol values (p<_O.003) were decreased In F1 animals and
Increased In F3 animals relative to controls. No recovery was
observed from this effect. Sodium (p!O.004) and total protein
values (p<O.03) were Increased In F3 treatment animals relative to
controls. This effect was absent after the recovery period.

4.2.4. &o;g,•dLQU ~ :•

A significant decrease In body weight gains (N=18) was observed at
F2 frequency for medium (p<.O.02) and high dose (plO.002) animals
after the first week of exposures (Test day 8). Low dose animals
first exhibited a significant difference from controls on Test day
15 (p<O.003). These effects did not Increase over the course of
the study and recovery animals did not return to control levels.
In light of this, we conclude that an Initial body velght decrease
occurred and these animals never quite caught up (i.e., rates of k.
change did not differ between groups).

4.2.5. lus,,,-

Relatively few compound-related effects were observed. Those that .A
were observed, In general, also exhibited complete recovery. The
exceptions to this rule were decreases In Initial body weights, and
decrebsed cholesterol which did not return to within control values
In recovery animals. Given the large number of parameters tested,
these effects could have occurred by chance. Furthermore, when
Interactions did occur, main effects were, In general, absent.
This finding further points to the fact that these Interactions
were spurious. Conversely, strong main effects only occurred for
parameters which did not have Interactions. Thus It could be
concluded that both duration and frequency did not appear to
produce major changes In the effects of exposure dose. The most
pronounced effects were found for body weight, pulmonary
bactericidal activity and BUN values. These effects were seen for
all three concentrations with the exception of bactericidal
activity values which occurred at medium and high concentatlons
only.

In the sccond and third extended studies with male and female rats
respectively more detailed examination of dose response relations ..
were made for a single duration and frequency combination that was
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selected on the basis of the findings of the first experiment. The
outcome of these showed that since frequency and duration did not .
affect results significantly, F2 (exposures on four consecutive
days per week) was selected to explcre the "worst case" situation
and 2.25 hro the logarithmic monn between the previously tested 1

and 3.5 hr was chosen as the single duration. The RP/BR exposure
concentrations of 0.75, 1.00 and 1,20 mg/I were used in the first
study for male rots and and this range was lowered to 0.40# 0.75
and 1.0 mg/I for the second study with female rats. The Increased
sample size of n=15 used in these two studies allowed us to
directly estimate the recovery effect (i.e. concentration by
recovery Interaction) and to also obtain multivarlate test -•

statistics In addition to th3 previously reported univarlate
resu Its. •.'.

4.*3.*1. EWLmjaa~r B.EL.~DA EAluinlama

Male rats were exposed to filtered air or RP/BR aerosol at
concentrations o' 0.75, 1.00 or 1.20 mg/I for 2.25 hr/day, 4
days/week for 4 weeks. Within one hour or 14 days after the last
exposure (only control, medium and high-dose treatment groups were
Included In the recovery) the rats were killed# pulmonary free
cel Is and lavage fluid were collected from their lungs by
tracheobronchial lavage and a series of assays were conducted on
the separated cells and the lavage fluid as described In the
methodology section. Other rats from each treatment group were
used for determination of In y.lvo pulmonary bactericidal activity.

The results are summarized In Tables 9 through 12. The statistical
evaiuation for the main effects and the Ag-jsAXbr, comparisons are
described In Tables 9 and 10 respectively. The m~ans with
associated standard deviations for all pulmonary response -
parameters examined In male rats Immediately aftor the last
exposure and after a 14-day recovery period are shown In Tables 11

and 12. Significant differences (p<_O 0 5 ) from the ma±•1-_ ,,
comparisons are Indicated in Tables 11 and 12.

The significant multivariate concentration by recovery Interaction
found for these data (Table 9) Indicates differing responses in ,.
rats examined Immediately after the last exposure and those tested
after a 14-day recovery period, S cgnetleant univarlate
Interest Ions were found for ug proteln/lO cells (p4.0.02),
ATP/1O cells (p<_O.001), ATP/ug ps teln (pO.001)., lavage fluid
protein (pO.O08), phagocytosts of Cr-CRBC (p<O.002) and the
activity of the ectoenzyme APD 1  (p<_O.0 2 ). In addition,
significant main effects of concentration were found for tho
ectoenzyme activities of 51-N (p<pO.O01) and LAP (p<0.05) (Table 9).
Subsequently Individual posi,.oc. comparisons for these parameters
were made (Table 10). .4" ."

No significant univarlate Interactions or main effects were ,
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observed for total pulmonary free cell yield, cells/g body weight, V
% macrophagess or % bactericidal activity of alveolar macrophages
to Inhaled 1353S-K. pD.LMtjfLJgLf thus "Ial=hoc comparisons were not
appl [ cab Is.

A review of the date In Tables 11 and 12 demonstrate that there
were significant Increases for cellular ATP levels* expressed as
ATP/cells or ATP/protein, at al I three concentrations tested
Immediately after the last exposure. Only ATP/proteln from rats
exposed to 1.2 mg/I RP/BR remained significantly different from
control after the recovery period. There was a significant
Increase In cellular protein levels measured after the last
exposure to 1.2 mg/I of the aerosol and this effect was no longer
observed after the recovery period. A significant Increase In the
protein level of the pulmonary lavage fluid after exposures to 1.2
mg/I also exhibited complete recovery. (An Increase in lung
protein Is usually ascribed to transudation of serum due to
capillary damage# In the absence of actual measurements of pr6teln
types).

Significantly decreased phagocytosls observed In AM from rats after
Inhalation of 1.0 mg/i of RP/BR was no longer seen after recovery.
The significant Increase In phagocytosis shown In the 1.2 mg/I
treatment group after recovery Is an unrealistically great effect
with an unusually big standard deviation due to three high outlier
values and should be therefore Ignored. On the other hand the lack
of Increases In total cel I counts and cell counts per body weight
in the pulmonary lavage of the exposed rats may be attributable to
the high outlier values In the control cell counts. If two outlier
values which are skewing the means and Inflating the standard
deviations In the control group were deleted, the mean ± SD(n) for
the controls Immediately after exposure would be 13.12+2.60(13) for
total cells and 45.50±9.67(13) for total cells/g BW respectively
and pronounced Increases with exposure would be noticeable for both
parameters.

When activities of the plasma membrane-assocIated enzymes
(ectoenzymes) of AM from rats exposed to various concentrations of
RP/BR were examined a dose dependent decrease In LAP activity was
observed In al I treatment groups compared to controls. LAP
activities of exposed rats were approximately 90, 76 and 73% of
control values. After the recovery period LAP activity In AM of
the 1.20 mg/I-treatment group was still only 52% of control levels.
None of these changes were significant. 5'-N activities were
significantly decreased In all treatment groups Immediately atter
the last exposure and remained significantly depressed fol lowing
the two week recovery parlod. APDI activities of AM from rats
sacrificed Immediately following treatment remained near normal
leveis. AM from rats recovering from 1.00 and 1.20 mg/I RP/BR
exposure had respectively, only 50 and 62% APDI activity as
compared to control values. These decreases were sta'istically
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significant.

There were significant linear dose response relationships for
ATP/cells (r-0•58),, ATP/proteln (r=0.54)o lavage protein (r-0.45) Iand the ectoenzyme 50-N (r- -0.52) when these parameters were

determined Immediately after the last exposure,

Female rats were exposed to filtered air or to RP/BR aerosol at ,%
concentrations of 0.40, 0.75, or 1.00 mg/I for 2.25 hr/day, 4
days/week for 4 weeks. Within one hour or 14 days after the last
exposure the rats were killed and the same assays were conducted as Adescribed for the ma-le rats* No low-dose animals were Included In g. vthe recovery groups.

Statistical evaluation of the data showed no significant
Interactions or main effects for % macrophages, In v.ivt
bactericidal activity of alveolar macropytges to Inhaled E353S-L.
DLniaumgnia&, or In ltLr.m phagocytosis of Cr-CRBC Indicating that
these experimental parameters were not affected by the exposures.

A significant multivariate treatment by recovery Interaction was
found as shown In Table 9, once again Indicating differing,-.n .
responses In terminai-sacrIfice and recovery-sacrifice animals.
Significant unlvarate (one parameter at a time) treatment by
recovery l3teractions were shown for, total cells (p<0.00 4 ), ug
proteln/lO cells (pjO.U2), ATP/IO:ceIIs (p<0.O01), ATP/ug
protein (pO.001)v total cells/g body weight (p!0.003), lavage
fluid protein (p!0.00 2 ) and the octoonzymo LAP (p!0.003). In
addition# simple main effects of dosage were found for the other
two ectoenzymest APDI (p<O.0O5) and 51-N (p<_O.01).

e==.-hba comparisons between treatment groups for these parameters
are shown In Tables 10# 13 and 14. The means and standard
deviations and significant differences (pO.05) from controls for
all experimental data determined after the last exposure and after
the recovery period are summarized In Tables 13 and 14
respectively. Total cell counts and cell counts per body weights
were significantly Increased In the pulmonary lavage from female
rats Immediately after exposure to 0.75 or 1.0 mg/I, while
differential counts remained unaffected Indicating unaltered
cellular distribution. Since 97 to 99% of the cells were
macrophages this means an Increased number of AM In the lungs
fol lowing the exposures. After the 14-day recovery period the
counts were no longer different from the controls. Cellular
protein levels were significantly decreased at the corresponding
concentrations suggesting lower protein content In the newly
Influxed cells. This effect also disappeared after recovery.

ATP/cells and ATP/proteln were significantly Increased Immediately
after exposure to 0.4 or 0.75 mg/I of the aerosol and In AM from
rats exposed to 1.0 mg/I after recovery. Although the pattern of z-"

4&
,-.•, '%
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these changes Is not entirely clear the general Increase in
cellular ATP levels, also seen In the AM of male rats, Indicates an
Increased energy supply that may be responsible for the unimpaired
phagocytic and bactericidal activity observed after these repeated
exposures. In contrast, after single exposures to the same RP/BR
aerosol concentrations we measured highly significant decreases Inl
pulmonary bactericidal activity In past as well as recent studies
(see Phase 11 Report dated December 1983 and Appendix B Study No.
79 SC of present report). This suggests the development of an 1
adaptation mechanism as a result of the multiple exposures to the
RP/BR aerosol. We have made similar observations in other multiple
aerosol exposure studies. (Aranyl Iet al ., J. Tox. Environ.
Health U:63 1985)

A significant Increase In lavage fluid protein Immediately after
exposures to 1.0 mg/I suggests pulmonary cellular disruption or
vascular permeability. The significant decrease seen af ter
recovery In the 1.0 mg/i treatment group Is most likely an artifact
resulting from the unusually high mean and associated standard
deviation for the corresponding control values.

In terms of ectoenzynie activities LAP was decreased In AM from rats
exposed to 1.00 mg/i RP/BR. Recovery animals regained normal AM
LAP levels. LAP control values of male rats are twice the value of
female rats. This result Is probably due to day-to-day variation
In the assay (Morahan et al., 1980) atnd not Indicative of a true
difference I n LAP activity between sexes. AP D1 activity was -.. ~
significantly Increased In AM from rats exposed to 0.4 mg/I RP/BR.
There were no significant changes after recovery although APDI
levels were slightly higher In rats recovering from RP/BR exposure
than In the corresponding controls. Rats breathing 1.00 mg/I RP/BR
had significantly decreased 51-N activity that was approximately
50~ of the control level. Although most of the 51-N activity was
regained after recovery a significant depression from control
levels still remained.

Alterations I n mu r Ino peritoneal ectoenzyme levels have been
associated with acquisition of tumoricidal activity or change In
resident macrophage status (Morahan et al.# J. Immunol., ]_Z:1312,
1980). The plasma membrane- local Ized enzyme, 51N, has been
characterized as a marker of macrophage development (Edelson,
Lymphokines ~.:57, 1981). Resident macrophages contain high levels
of th Is enzyme, wh Ile stimulated or activated macrophages have
decreased levels. The decreased level of 51N has been associated
with decreased synthesis of enzyme as well as Increased membrane
recycl ing. Decreased levels of APD1 , another macrophage
ectoenzyme, have been associated w Ith enhanced macrophage
anti-tumor function I n peritoneal macrophages o f mice. The
relationship of macrophage function to ectoenzyme activity has not
yet been established In rats. However, If the relationship In rat
alveolar macrophages Is similar to that o f mo u se peritoneal .

macrophages these data Indicate that alveolar macrophages of rats
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exposed to RP/BR aerosol are stimulated and may have enhanced
anti-tumor capacity.

These data are similar to the results found in male rats which tu
Indicated that RP/BR exposure may have stimulated rat macrophages
as well as enhanced anti-tumor capacity.

A review of the various summarized assay parameters (Table 13)
measured Immediately after the last exposure generally shows dose
response trends. When evaluated statistically the tests for linear
dose response relations were significant for total cells (r-0.47),
cel ls/BW (r=0.47), protein/cells (r=-0.42), ATP/proteln (r-0.37),
lavage fluid protein (r-0.30), LAP (r-0.38) and 5'-N (r=-0.37).
Although statistical ly significant none of these effects are
particularly striking.

4.3.2. I•LnAUr. Tolco•sa .i.-,,a..

Male and female rats were exposed to filtered air or RP/BR aerosol
as previously described. Treatment-related clinical observations
were wheezing and/or labored breathing (20/132) and hunched posture
(5/132) for several male rats at the high dose. No
treatment-related cl Inical signs were apparent for the female rats
exposed to RP/BR. Discharge from the eye(s), nose and mouth was
recorded for a few rats of both sexes at al I dose levels and
control groups.

MortalIty: In the study with male rats 16 out of 132 died In. the
high exposure group. The original target concentration for the
high dose was 1.3 mg/I, however on the first day, In one exposure
chamber holding 74 rats, the RP/BR concentration was accidentally
Increased to 1.65 mg/I for 70 minutes of the 2.25 hr exposure
per Iod and subsequently was readjusted to 1.3 mg/I for the
remaining 65 minutes. On the following day the concentration In
this chamber was maintained at the targeted 1.3 mg/i. Because of
mortalities occurring during the first two days, the concentration
was lowered on Day 3 to 1.2 mg/I for the remaining 14 exposures.
By the completion of the studies a total of 12/74 or 16.2% of the
rats died that were exposed In this chamber, eight of these after
the first two exposures. According to the staggered exposure'
schedule, exposures were also started on Day 2 at 1.3 mg/I in a
second chamber for 58 additional rats and were continued after Day
3 with 15 exposures to 1.2 mg/l. From this group 3/58, or 5.2$ of;
the rats died but only one of these died after the single exposure:
to 1.3 mg/I. The ten rats that died during the first three days of
exposures were replaced on Days 3 and 4 with rats of similar body-
weight (as determined at randomization), therefore these animals
have never been exposed to concentrations higher than 1.2 mg/I and
received a maximum of 14 exposures. One of these animals died
representing 1• of this treatment group. Thus these data
demonstrate that the short accidental exposure to 1.65 mg/I -
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produced a high increase In mortality as can be seen from the 16.2$
relative to 5.2% mortality values observed among rats that were
exposed In the two chambers. The effect of 1.3 versus 1.2 mg/I Is X
dIfficult to evaluate since there were not enough exposure days at
1.3 mg/I.

In the study with female rats where the highest dose was 1.0 mg/I
and no concentration overrun occurred, one out of 131 (0.8%)
animals died following eight exposures to 0.75 mg/l, the medium
dose of RP/BR.

Necropsy and histopathology of these rats that died as a result of 75
the exposures showed that most of them had congestion of the nasal
turbinates, lung, liver and kidneys as can be expected In animals
that were not .xsanguinated at the time of death. For further
details see the end of this section and Appendix C.

Body weights: For the male rats there were decreases In 'body
weights and in body weight gains In almost all treatment groups.
These changes were generally consistent for the rats designated for
assays following the last exposure (Tables 15 and 17) and the
recovery animals (Tables 16 and 18). The decreased body weights
and body weight gain were seen at all exposure levels from the
onset of the second week of exposures (Test Day 8) throughout the
exposure period. After 14 days of recovery body weights were
similar for control animals and those exposed to 1.0 mg/I.
Although a statistically significant reduction In absolute and
relative body weights compared to controls was still apparent at
the end of the recovery per lod for rats at the 1.2 mg/I exposure
level# these rats gained as much weight as the controls from the
final exposure through the end of the recovery period (Test Day
39).

Exposure of female rats to RP/BR aerosol did not appear to affect
body weight. Similar values were In general observed for control
and treated rats at all time points tested (Tables 19 and 20).
Statistical ly significant differences were however seen when body
weight gains were analysed (Tables 21 and 22). This was apparently
due to a significantly lower mean body weight for the control
animals on Test Day I and not due to aerosol exposure. X

Food consumption: A reduction In food Intake prior to the last
exposure was observed for the male rats at the 1.0 and 1.2 mg/I
exposure levels, however It was not seen after the recovery period ,.
(Table 23). Food consumption did not appear to be affected In
female rats by exposure to RP/RR aerosol (Table 24).

Results for clinical pathology ere summarized In Tables 25 through
36. The statistical evaluation for the main effects and the

,j.q.±:hLc, comparisons for hematology and clinical chemistry are
described in Tables 25 through 28. The means with associated
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standard deviations for all clinical pathology data Immediately
after the last exposure and after a 14 day recovery period are
shown In Tables 29 through 36.

Hematology: For male rats tested Immediately after the final
exposure statistically significant Increases In hematocrito RBC,
and hemoglobin concentration were, In general, seen at all exposure
levels of the RP/BR aerosol. The greatest response however
occurred at the lowest level, 0.75 mg/I. As the dose Increased, a k

lesser response was seen. This "dose-related" phenomenon was also h
apparent for the observed leukopenla. The relative proportion of
WBC cell types were however similar among all groups. Platelets
counts were similar between control and high exposure level
animals. The observed decrease In platelet counts for animals
exposed to the low or medium levels was apparently due to a
technical problem In the counting procedure. The platelet samples
for these animals were counted after the recommended time between --
setup and analysis (Table 29).

None of the above mentioned changes were seen when male rats were
subsequently tested 14 days post-exposure. All hematology
parameters were similar for control and treated males with the
exception of WOC counts. Although leukocytosis was seen at the two
exposure levels tested, 1.0 and 1.2 mg/I. a greater response a+ the
lower level was observed. The relative proportion of WBC cell
types were again similar among control and treated male rats (Table
30).

For female rats RBC counts and hemoglobin levels were significantly
Increased for non-recovery rats exposed to 0.75 but not 1.0 mg/I
(Table 31). These changes were still apparent when the recovery
animals were tested (Table 32). The hematocrlt was elevated at all
exposure levels for both the non-recovery and recovery rats.'
An.mals exposed to 0.75 mg/I demonstrated the greatest change
relative to controls. Lymphocytosls was also apparent at this
exposure level for both the rats sacrificed following the last
exposure and after 14 days recovery.

Clinical Chemistry: For the male rats hyperglycemia and elevated
serum sodium levels were apparent at the 0.75 and 1.0 mg/I exposure
levels. Although serum glucose levels were somewhat higher for
males at the 1.2 mg/I level compared to controls, this Increase was
not statistically significant. A slight Increase In serum
potassium was also observed at the lowest dose tested. Slight ..
reductions In BUN and serum cholesterol levels were seen at all
exposure levels although dose-response relationships were not '"

apparent. Although total protein levels were unaffected by
exposure to RP/BA aerosol, serum globulin levels were reduced with
the albumin/globulin ratio Increased at all exposure levels (Table
33). "."
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When male rats were tested 14 days post-exposure, the changes
discussed above were no longer apparent with the exception ot the
globulin and subsequent A/G ratio changes at the 1.2 mg/I level.
In addition* slight reductions In BUN were still observed at the
exposure levels tested. Although not previously seen after the
final exposure, serum alkaline phosphatase levels showed a
dose-related Increase at the recovery sampling time (Table 34).

In female rats serum alkaline phosphatase levels were reduced,
compared to control animals, for sacrifice rats at the 1.0 and
probably at the 0.75 mg/I exposure level (Table 35). By contrast,
recovery rats at these levels showed slight Increase relative to
controls (Table 36). Slight reduction In total and direct
billrubin were seen for sacrifice but not recovery rat; at the 0.75
but not 1.0 mg/I exposure level. The lack of dose-response
relationship suggests that this may be a spurious observation.
Serum cholesterol, triglyceride, and BUN levels were significantly O--
decreased for the sacrifice animals. Fol lowing the recovery N%

period, dose-related reductions for these parameters were still
evident. No other clinical chemistry variables appeared to be
altered following exposure to RP/BR. 4,

Statistically significant linear dose response relationships were
found, when measured Immediately after the last exposure, In
clinical pathology for RBC (r-0.48), MCV (r--0.46), MCH (r=-0.43),
BUN (r=-0.45), and Cholesterol (r=-0.66) In male rats and for RI:C
(r=0.42), HGB (r=0.32), HCT (r=0.42) and MCHC (ra-O.32) In female
rots. Although significant, even the largest coefficients are not
particularly Impressive.

Necropsy and histopathology observations: Detal led reports on %

histopathology Including Incidence tables prepared by Dr. W. 0.

Iverson of EPL, consultant pathologist and on necropsy and gross
pathology observations prepared by Dr. V. Rac, staff pathologist
are Included In Appendix C. A brief summary of the main results
fo I lows.

In Study No. 79 In which male rats were exposed to 0.4, 0.75, or
1.0 mg/I RP/BR aerosols for I or 3.5 hr per day, 2 or 4 times per
week for 4 weeks, treatment-related gross necropsy lesions In the
lungs, red discoloration with varying patterns of distribution,
were found In rats necropsled Immediately after the last exposure
but not In the recovery groups. The smalI group size makes It
di ffIcu It to determine whether these observed lesions were
significantly affected by varying exposure concentrations,
frequency or duration of the exposure.

Histopathological ly no treatment related changes were seen In the
nasal turbinates, trachea or pulmonary lymph nodes. In addition,
heart, eyes, kidneys, adrenals, liver, esophagus, stomach, duodenum
and urinary bladder were free of treatment-related changes. ..
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Changes were seem In the lung, however, where the primary lesion
was terminal bronchlolar fibrosis which first became evident when 1
the rats were exposed to 0.4 mg/I of aerosol for 3.5 hr/day for 4
consecutive days. The lesion Increased In Incidence and severity
with Increased concentrations and length of exposure and did not
exhibit recovery during the 14-day holding Interval after exposure.

Masson's trlchrome special stain was used to confirm and grade the
-amount of collagen In the terminal bronchloles and associated
alveoli In the affected animals. The results Indicate that part,
but not all* of the thickening of the terminal bronchloles and
associated alveoli was due to fibrosis - the formation of new
col lagen fibers In excess of what would normally be present. One • A
additional pulmonary lesion which may be treatment-related was the
perlbronchiolar and perivascular Infiltration of eosinophils.

In Study No. 79S, male rats were exposed to 0.75, 1.0 or _1.2 mg/I
RP/BR aerosols for 2.25 hr per day, 4 consecutive days per weelý for G
4 weeks. In this study no treatment-related gross lesions were
observed In scheduled necropsles. In rats that died spontaneously
after exposure of the highest concentration, gross morphologic
lesions were confined to red fluid In the thoracic cavity, red
discoloration of various Intensity and distribution In the lungs, kk I
and dark red liver. Congestion of the lungs, nasal turbinates,
liver and kidneys was seen microscopical ly In these rats, as
expected In animals not exsanguinated at the time of necropsy. M

Hlstopathologlcal ly all treated animals, both terminal and recovery
sacrifices, had lung lesions described as mild to moderate terminal
bronchlolar fibrosis. The lesion was more severe In animals that 7
received 2_1.2 mg/I and In rats recovering from 1.0 mg/I RP/BR than
those exposed to lower doses. Examination of lungs from selected
animals Indicated that fibrosis, as evidenced by a Massonts
trlchrome stain, was a component of the terminal bronchlolar
fibrosis previously Identified In the study. As the thickening, 2. 4"

which comprised this lesion became more severe, increased amounts
of collagen were present In these areas. Fourteen days after the
final exposure, several of the animals recovering from exposure to
the two higher dosage levels hao a slight Increase In inflammation
of the posterior nasal turbinates relative to controls. There were
no treatment-related changes observed In any other tissues.

In Study No. 79-SF, female rats were exposed to 0.4, 0.75, or 1.0 "
mg/I RP/BR aerosols for 2.25 hr per day, 4 consecutive days per
week for 4 weeks. No treatment-related gross lesions were found In
rats In any of the necropsIes. Once again the primary
treatment-related change seen histologically was In the lung and
was diagnosed as minimal to mild terminal bronchiolar fibrosis.
These changes were seen In rats that were exposed to 0.75 or 1.0
mg/I but not In those that received 0.4 mg/I of the RP/BR aerosols.
The lesion was slightly more severe In the high dose animals# and
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once again was due, In both the 0.75 and 1.0 mg/I exposure groups,
to the formation of new collagen fibers In excess of what would
normally be present. Fibrosis does not account for all of the
thickening seen In the changes designated "terminal bronchlolar '_
fibrosis". A treatment-related Increase In peribronchIolar
eosinophIlic Infiltrate appeared to regress during the 14-day
recovery period. No treatment-related changes were found In the
tissues examined outside of the respiratory tract&

4.3.3. kurotehav LLr.Aj &±..LL±

The studies which examined the behavioral effects of RP/BR aerosols
have been consistent In Indicating either significant Increases In
locomotor activity In the residential maze or trends In that
dlrectlon. The most pronounced effect was seen when groups of 15
male rats were exposed to concentrations of 0.75, 1.0 and 1.2 mg/I
for 2.25 hr/day on 4 consecutive days for 4 weeks. In this study,
there was no Interaction between treatment and recoveryi for
neurobehavloral parameters by either the multivariate or univarlate
analyses, however, the multivariate analysis yielded a significant
effect of treatment (p10.001). The treatment effect was
significant for the univariate analysis for all three locomotor

C activity parameters (p!.0.001). Immediately following exposure,
activity of all treatment groups was elevated compared to control
values when activity for the total 20 mrn period was considered
(Figure 1). All treatment groups also had activity levels higher
than control values when the first 10 min of activity measurement
was analyzed separately (Table 37). In addition for the second
10-mln of the activity measuring session, male rats In high and low
dose groups were significantly more active than controls and the
value for the middle dose group fell Just short ot significant
elevation. The effect of RP/BR aerosols on locomotor activity of
male rats persisted through recovery. Considering the total 20-mln
session, the dose-response curve for recovery was essentially
paral lel to that obtained Immediately following exposure (Figure
1). As this Is the case, the higher activity counts at recovery
for both control and treated groups are most like!y due to the fact
that the animals were 2 weeks older. The stat:stical analysis
indicated significant elevations at recovery fe-. all 3 activity
measures at 1.0 mg/i and during the first 10 min and total of 20
mln at 1.2 mg/I (Table 38). Expressed as a percentage of control
activity, the mean values for male treated groups were 3J to 60%
higher than control values Immediately following exposure and
approximately 30 to 40% higher at the recovery evaluations.

For female rats exposed to RP/BP aerosol concentrations of 0.4,
0.75, and 1.0 mg/l, the results of the multivarlate analysis was
not significant for either treatment or the treatment by recovery
Interaction. Under the statistical procedures utilized, this would
preclude consideration of the univarlate analyses. However, In
that significant effects on Iocmotor activity were observed In male
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rats, It seems appropriate to note that the unIvarlate analyses of
those variables related to locomotor activity in females Indicated
a significant treatment effect for the total 20-min activity
measuring session (p!O.01) and for each of the 10-min segments
(p<O.O5). Activity was elevated Immediately following exposure for
the group of females exposed to 0.4 mg/i (lowest concentration) for
both activity measurment segments and for the group exposed to 1.0
mg/I (highest concentration) for the second 10-mln segment (Table
39) Expressed as a percentage of control actIvIty, the mean
values for female treated groups ranged from 12$ to 53$ higher
with* as noted above, the low dose group being more affected.
Neither of the groups tested at recovery showed any effect of
exposure to RP/BP aerosols (Table 40).

None of the other nei-robehavioral parameters Indicated consistent
effects although there were occaslonal Instances of either a
significant parameter In the univarlate analysis or In post-hoc
comparisons where the preceding analysis failed to yield
significant results. These are considered cases of spurious
significance. Tables 37-40 also show mean values for all
neurobehavloral parameters considered for both male and female
rats.

The results of the overall statistical evaluation and the following
significant post-hoc comparisons are summarized In Tables 41 and 42
respect I vei y. .I

4.*3.*4. fisa±.Lr. Ia1.Q.L1gguL ~ Hi J.ImL1 &nJ.i.

A micronucleus (MN) analysis was performed on bone marrow
polychromatlc erythrocytes (PCE) and normachromatic erythrocytes
(N) and on circulating red blood cells (RBC) of filtered air- and
1.0 mg/I RP/BR-exposed female rats after 8 and 16 exposures and
after a two-week recovery period following 16 exposures.

Micronuclel form In response to clastogenic events. As an assay
for detecting clastogens, MN are usual ly counted In the ,W.**

polychromatic erythrocytes from bone marrow and In circulating
REC's In mice. The RBC-MN assay Is not usually performed on rats
since It Is generally understood that the MN are efficiently
removed from the RBC by their spleetis. We performed the assay on
bone marrow cells and on RBC In rats as a test of this dictum and
to determine If RP/BR aerosol Is a clastogen.

Due to the small sample on which the genetic toxicology parameters "
were measured. multIvarlate tests of the hypotheses were not used
because of their extremely limited power under such conditions. In
light of thIs, differences b~tween control and high dose animals
were reported as f-statistics only (i.e. post-hoc comparisons).

A statistically significant clastogenic response was measured In
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both bone marrow and RBC of rats that received 8 Inhalation
exposures to 1.0 mg/I of RP/BR aerosol for 2.25 hr over a 2-week
period. However, no signifkcant clastogenic response was found N
after 16 exposures over a 4-week period or after a 2-week recovery
period following the 16 exposures (Tables 43 and 44 and Figures 2
and 3).

The results Indicate that RP/BR aerosol Is a weak ciastogen for
female Sprague-Dawley rats. However, the negative results found
after 16 exposures and after the 2-week recovery period suggest
that the rats recruit biochemical pathways to detoxify and clear
the genotoxIc: fractions and that under the exposure regimen used,
the adaptation Is In effect after 16 exposures. The negative
response after the recovery period also Indicates that there Is not 4
a delayed response 2-weeks fol lowing the exposure. Since'o
equivalent results were found using RBC or bone marrow cells# It
suggests that female Sprague-Dawley rats may not remove MN from RBC
as efficiently as other strains, and/or that the RP/BR exposurew
altered the biology of the spleen such that MN were not removed
and/or that the dictum that rat spleens remove MN from RBC Is not a Pq
generalized phenomena In rats. The low number of MN In the
normocytes Indicates that the artifact problem common with the rat
bone marrow/Giemsa techniques was resolved with the AcridIne Orange
staining technique. Therefore, the conclusion Is that the positive
response found after 8 exposures Is real and not artifactual.

5. SUMMARY CONCLUSIONS

Combinations of exposure concentrations, durations and frequencies
were tested In four-week Inhalation exposures followed by two weeks
of recovery to define the most suitable conditions for this
Investigation and to select the most sensitive biologic response
parameters for the subsequent subchronic studies. Response surface
modeling was used for the experimental design and statistical
analysis of the data. Results of preliminary testing suggested
that exposure duration and frequency did not have major effects.
Subsequently male and female Sprague-Dawley rats were exposed In
separate studies to RP/BR aerosols ranging from 0.40 to 1.20 mg/I
(0.40, 0.75 and 1.0 mg/I for females and 0.75. 1.0 and 1.2 mg/I for
males) or to filtered air for 2.25 hr/day on four days/week for
four weeks. Aerosol exposure monitoring data demonstrated wellI
maintained target concentrations and excellent particle size
stability.

During the exposure period, wheezing and labored breathing were
observed In male rats exposed to the high dose. Decreased body
weights, body weight gains and reduced food consumption seen In
male rats only at all concentration levels during the exposures
returned to normal after the recovery period. Although an overall
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Figure 2

MICRONUCLEI IN BONE MARROW POLYCHROMATIC
ERYTHROCYTES OF FEMALE SPRAGUE-DAWLEY RATS

FOLLOWING INHALATION EXPOSURE TO RP/BR AEROSOL
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o negative control

A exposed animals

a 8 exposures of 1.0 mg/I RP/BR for 2.25 hr/exposure

b 16 exposures of 1.0 mg/I RP/BR for 2.25 hr/exposure

c 2 week recovery

MN Micronucl eus

PCE Polychromatic erythrocyte
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Figure 3

MICRONUCLEI IN RED BLOOD CELLS OF FEMALE SPRAGUE-DAWLEY RATS
FOLLOWING INHALATION EXPOSURE TO RP/BR AEROSOL
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c 2 week recovery

MN Micronucleus
RBC Red blood cells
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mortal ity of 12.1% was observed In male rats exposed to the high
dose (1.3 and 1.2 mglI for two and 14 days, respectlvely), this was
due to a 70-minute concentration overrun to 1.65 mg/i of RP/BR In
one of the chambers on the first day of the exposures. The 5.2% LiL

vlue observed In a second chamber reflects the effect of the -
exposure more realistically. In female rats only a single death
was observed during the entire study and this 0.8% mortality
occurred In the medium (0.75 mg/i) dose.,

Various biological endpoInts were examined Immediately after the "I
last exposure, and for selected treatment groups after a 14-day WI
recovery period. Although some statistically significant effects
were found for clinical pathology, most of these were biologically
non-significant due to their absolute value being within, or close
to the pub I Ishe-1 nor-mal ranges. The most consistent changes were
decreases for BUN and cholesterol levels In rats of both sexes and
In trlgllcerides for female rats only, with the latter two
parameters showing partial recovery. However, no treatment-related
histopathological changes were found In any tissue outside the
respiratory tract.

Examination of the pulmonary free cells col-lected by lung lavage
(97-99% were alveolar macrophages) showed an increase or an n
Increasing trend In total numbers, Increased cellular ATP levels
and decreased ectoenzyme activity for 51nucleotldase after most of
the RP/BR exposures of both sexes, suggesting Increased energy
levels as well as potential activation for the macrophages.
Protein levels In the lavage fluid were elevated after the high
doses. Pulmonary bactericidal activity to Inhaled
[353S-K.LPao&ulA~nae was not affected by the exposures In either of
the sexes. Histopothologically mild to moderate terminal
broncheolar fibrosis was found In rats of both sexes exposed to the
medium and high doses. Except for the fibrosis and the
5'nucleotidase activity most of these changes were reversible.

Of the neurobehavloral parameters examined only locomotor activity
was significantly affected by treatment with RP/BR aerosols. Male
rats showed Increased motor activity at all concentrations and
Incomplete recovery after two weeks at some concentrations. In
females there was a trend toward Increased activity but no evidence
of effects after the recovery period. None of the other behavioral
endpoints were altered by the exposures. ,,,

In female rats only a micronucleus analysis was performed on bone
marrow polychromatIc erythrocytes and normachromatic erythrocytes
and on circulating red blood cells. The assays were performed on
animals exposed for two or four weeks and after a two-weok recovery
period following four weeks of exposures. The results showed a
significant clastogenic response In both bone marrow and RBC of
rats that were exposed for two weeks to the RP/BR aerosol. No
effects were found after four weeks of exposures or atter a
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two-week recovery period following the four weeks of exposures

suggesting that the rats recruit biochemical pathways to detoxify
and clear the genotoxlc fractions and an adaptation Is In effect.
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OBJECTIVES AND EXPERIMENTAL DESIGN

Previous to these comparison studies rats used In all studies were
provided from the Madison, WI breeding colony of Marlan-Sprague
Dawley, Inc. An Inquiry was made to lhe supplier upon discovering
that serum samples from these rats showed antibody titers to
Pneumonia Virus of Mice (PVM). The supplier Indicated that they
had aatother breeding colony In Indlanapol is, IN that was derived
from the same genetic stock as the Madison colony that was
PVY-free. In order to choose the most appropriate animals for the
upcoming subchronic exposures, two comparison studies with
representative animals from these two breeding colonies were
conducted. I

"o Gross ptysical examination and observation ,.

"o Gross necropsy and follow-up hIstopathologic
observation when Indicted

"o Culture of respiratory tract (nasopharynx,
tracheal aspirate and lung) for potential
pathogens Including mycoplasma.

"o Culture of Intestinal tract for potential ..

p athogens

"o Direct smear and fecal flotation of Intestinal
tract for endoperasites.

"o Examination of sera for standard murine virus
profile (nine viruses: Reo, PVM, C-OVIl,
mouse adeno., MHV, Tool an H-1, KRV, LCM and
RCV).

In addition groups of male rats from the two facilities were
exposed one time for 3.5 hrs to 1.0 mg/I of RP/BR aerosol. In
Study No. 79-SC, following the exposure, the bactericidal activity
assay was performed comparing the response of the animais from the
two sources aer receiving simultaneous b acteri Ia aerosol
challenge to I<S-. pnftu.m.nlan. In a second study (SN79-SC2)
male rats from the two breeding colc.nles were compared by
measurement of pulmonary lavage parameters following a single 3.5
hr exposure to 1.0 mg/I of RP/BR. To facilitate the 111
labor-Intensive procedures Involved In the pulmonary bactericidal
activity and lavage assaya, the rats were divided In each
experiment liito two groups and the RP/BR aerosol exposures
staggered over two days. For the pulmonary bactericidal activity
assay, two radioactive aerosol challenges were done on each of the
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two consecutive RP/BR exposure days and 7 RP/BR-exposed and 7
control rats from the two colonies were assigned to each
radIoactIve bacterial aerosol challenge. For comparison of
pulmonary lavage parameters, eight rats from each fac lilty were
exposed to RP/BR aerosol or filtered air on each of the two
experimental days. Within 1 hr after the exposure, pulmonary free
cells were lavaged from the lungs and total and differential cell
counts, cellular ATP and protel y lavage fluid protein, ectoenzyme
activities, and phegocytosis of Cr-CRBC were measured.

RESULTS

For both comparison studies the +wo groups of rats received., from
tho Harl an Sprague-Dawley, Inc., Madison, WI (Group M1 and
Indianapolis, IN (Group I) breeding facilities were housed In
separate animal rooms and serviced by different animal care
personnel to minimize possible cross contamination of the animals.
The rats were observed at least once every working d-y. One rat 4.
from Group M died accIdently. Another rat was lethargic, etaxIc
and lost weight and It was subsequently killed and necropsled.
Grossly, dark red fluid was found In the urinary bladder.
Mlcrobiologically, E. rJ.j was Isolated from the ear swab and no
pathogens were found In the caecel specimen. Presence of E. r-2L1
In animal specimen Is common and not significant. With the
exception of a crusted eye In one animal from Group I,all other
animals appeared healthy.

When following a two-week quarantine period ten rats from each
colony were killed and necropsled, no gross lesions were observed.

Specimens submitted from rats from SN 79-SC for microbiological and *•'

parasitological testing were free of pathogenic microorganisms and
endoparsites. All serum viral antibody titers were negative except
for the rats from the Madison colony, all of which had positive
titers to PVM.

All rats from both colonies were weighed on the day atter arrival
and again on Day 12 or 13 of the quarantine period as part of the
randomlzatlon procedure. The data In Table B-1 show that although
weights of rats received from both colonies were similar at
arrival, rats from Indlanapol Is (PYM-free colony) gained 13-18 g,
or about 201 more between the time of arrival and randomization.

'40BELIE £B s

All rats received one 3.5 hr exposure to 1 mg/L of RP/BR aerosol or
to filtered air. The RP/BR aerosol was monitored for mass
concentration periodically by gravimetric filter collection and
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continuously with light scattering photosensors. Aerosol particle
size was determined with a Quartz Crystal Microbalance-based
c asc ade Impactor. Percent total phosphorus was an al yzed
spectrophotometrical ly from the filter-collected aerosol samples.
The aerosol data monitored during the exposures for Study Nos.
79-SC and 79-SC2 are summarized In Table B-2.

Pulmonar.L Baetareritdm1 Ae~tly±ig (S7-S2

For comparison of pulmonary bactericidal ActIvlty In the two ratIW1
colonies two aerosol challenges with -Klahga.L*LmL pDnumoan.Lae
were done~on each of the two consecutive exposure days. Seven
RP/BR-exposed and seven control rats from each of the two colonies
were assigned to each radioactive chal lenge spray of which 2 were
0-hr controls and 5 were 3-hr exeperimental rats.

The results summarized In Table B-3 demonstrate highly significa~nt
decreases In bactericidal activity In the lungs of the exposed rats
from both colonies relaitive to controls when analyzed by Student's
1-test. When a three faictor mixed-model analysis of variance was
used to evaluate the data using treatment and source as fixed
factors and repl ication as a random factor, a significant main ~
effect of RtP/BR exposure on bactericidal activity was found
(p.10.001) The overall mean ±SD (n) for control and exposed
animals, respectively, was 85.89 ±17.82 (40) and 36.46 ±.36.31
(40). In some exposed rats,, more bacteria were present after the
clearance period than at the time of deposition. Source of animals
was not a statlstical~y significant factor. The percentage
decreases In the b acter IcId alI activity of rats from' the two
colonies were quite similar. These decreases were also very
similar to those we have reported In the preliminary studies of
Phase 11 af ter slIngle exposures of rats from the Madison, WI
colI ony.

PumiinnarX Laaga ParJm±a~aA (SN29-SC2)

For the pulmonary lavage assays, the rats were divided Into two
groups and the RP/BR aerosol exposures staggered over two days.
Eight rats from each breeding facillily were exposed to RP/BR
aerosol or filtered air on each of the two experimental days.V-
Within 1 hr after the exposure, pulmonary free cells were lavaged
from the lungs and total and differential cell counts, cellular ATP
and protein, laqpe fluid protein, ecto-7onzyme activities, and
phagocytosls Of Cr-CRBC were measured.

A three factor muitivarlate mixed-model analysis of variance was Wvi
used to determine the effects of treatment on these pulmonary
defense par-ameters. As for the bactericidal assay an aIy s Is,
treatment and source were considered to be fixed effects and
replication was considered a random factor. Fol lowing the
multivariate test, Individual univariate comparisons Cone parameter
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at a time) were made.

Summary statistics which combine the data from animals from both L
breeding colonies for control and treatment groups are displayed in
Table B-4. The overall multivariate exposure effect wassignificant (p<.10O0 1). In RP/BR-exposed animals,, ATP/cells and

ATP/proteln were increased relative to controls, whereas total
cells, cells/BW, phagocytosis of 51Cr-CRBC, ADPI and 51-ND were
significantly decreased relative to controls.

When the effect of animal source was tested (I.e., comparison of
two sources of animals), an overall multivarlate treatment by
source interaction was found (p<0.05). Inspection of univariate
results revealed several parameters which had different results for I

the two rat colonies: total cells (p_<O.01), protein per 105
cells (p.5.0.04) and cells per g body weight (p!<0.02). Total cells
and cells per body weight showed the same decreasing trend
following exposure for animals from both colonies as shown In the
post hoc comparisons summarized for the two separate studies in
Table B-5. As a result of higher cell counts however control
values for both parameters In rats from the Indianapolis colony 'WR
were higher than values for the Madison colony control rats. The
values for these parameters after exposure were similar for both
colonies Indicating bigger changes In the Indianapolis colony rats.
Protein per 105 cells was slightly Increased after RP/BR
exposure In rats from Indianapolis, but slightly decreased in rats
from the Madison colony whereas for lavage fluid protein this
picture was reversed (Table B-5).

Finally a significant main effect of source was found for ATP per105 cells (p<0.05). This means that cellular ATP content was

s'qnificantly lower for rats from the Indianapolis colony than the
Mad:son animals In both RP/BR-exposed and control groups although
cells from both colonies showed the same Increases In this
parameters after exposure (see Table B-5).

Q

h CONCLUSIONS

We have found that there was a difference In terms of weight gain
between the two breeding colonies during the quarantine period;
the PVM-free group (Indianapolis) gained weight faster. Pulmonary
bactericidal activity was significantly decreased relative to
controls In both groups and the source of animals was not a -,
statistical ly significant factor. In terms of pulmonary lavage
parameters however there was a significant difference In responses
due to animal source. The results of the lavage studies
demonstrate that changes In the test criteria compared showed
generally similar trends for two colonies except for protein per
cells and protein per lavage fluid. The other apparent differences
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Table B-4

EFFECTS OF A SINGLE 3.5-HR EXPOSURE TO 1 MG/L OF RP/BR AEROSOL
ON COMBINED PULMONARY DEFENSE DATA FOR MALE SPRAGUE-DAWLEY RATS

FROM TWO BREEDING COLONIES

Control Exposed

Assay Mean +SD N Mean ±§D N

TOT CELLS 119.38 38.70 32 84.12*1* 23.81 32

TOT CELL/g BW 74.90 22.26 32 52.96*** 15.37 32

SMACROPHAGES 98.90 1.33 31 99.09 1.25 32 Ie

PROT/10 5 CELL 19.39 3.52 32 20.00 4.93 31

ATP/10 5 CELL 0.61 0.26 32 1.001** 0.44 32

ATP/ug PROT 3.16 1.29 32 4.33*1* 1.59 31

PHAGO ECPN x 10"j 10.47 1.23 32 9.94* 1.11 32

LAV PROT/9 BW 24.26 10.12 31 23.35 6.60 32 4

LAP 14.54 4.77 28 13.35 5.18 29

ADPI 24.42 7.07 31 21.12* 6.97 31 ,

51-N 6.55 2.79 31 4.70** 2.73 31

Significant difference from controls.

*p<O.05
* 1 p<O.01

l**p<0.001

w
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(total cells, cells per body weight, and ATP per ceils) were for
parameters which shoved the some direction of response after RP/BR
exposure for animals from both breeding colonies. However when In
post hoc comparisons the effects of RP/BR exposure were evaluated
In each of the two colonies (Table B-5) several significant changes
relative to controls were found In the Indianapolis group whereas
no slgnlflcant differences were observed for the same parameters In
rats obtained from Madison. This suggests that the PVM-free colony
from Indianapolis is somewhat more susceptible to the exposures.
As a result of these studies It appears to be feasible to select
the PVM-free colony for the subchronic studies since In general the
responses were similar to those observed In the Madison (PVM
positive) colony. However, in view of the fact that the PVM- free
rats appeared to be more responsive In the pulmonary lavage assays
we should be careful In selecting the highest exposure dose to
avoid encountering unexpecting mortality rates during the
subchronic exposures.

V.

iI.
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APPENDIX C
MORPHOLOGICAL PATHOLOGY

I
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PATHOLOGY SYNOPSIS

Treatment-related lesions were observed at necropsy in the lungs of the
rats exposed to the aerosols of RP/BR combustion products. A red discolora-
tion with varying patterns of distribution (mottled, mul;tifocal, focal,

P diffusely red, and multiple red foci) were observed in the lungs in the
initial exposure groups. The lesions were not seen in the lungs of the rats
in the recovery groups, which received similar treatment. The small group
size makes it difficult to determine whether the lesions observed in the lungs
were significantly affected by varying exposure concentrations of the aerosol,
frequency of exposure, or duration of the exposure. Microscopic examinations
of tissues revealed treatment-related lesions in the lung as terminal
bronchial fibrosis. The lesion was characterized by thickening of the alveolar
walls. The lesion increased in incidence and severity with increased concen-
trations and length of exposure to the test material. After a fourteen-day
recovery period following the test exposure did not reduce the incidence or
severity of the lesion. The peribronchial and perivascular infiltration of
eosinophils may also be treatment-related. The exposure to RP/BR for four
weeks via inhalation at the concentrations and for the duration of exposure
did not produce any treatment-related lesions in the nasal turbinates, trachea,
pulmonary lymph nodes, heart, eyes, kidneys, adrenals, liver, esophagus,
stomach, duodenum, or urinary bladder.

Vladislava S. Rac, M.S., D.V.M.
Scientific Advisor
Veterinary Pathologist
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GROSS NECROPSY OBSERVATIONS

Phase III- Study Number 79

INTRODUCTION

In accordance with the experimental protocol, examination of organs was
performed on 96 male Sprague-Dawley rats for IITRI Project L6139, Study
Number 79 Phase III. The experimental design is presented in the histo-
pathology report.

A summary of gross observations is presented in Table Groups A and B.
The tables in Group A compare each of the aerosol exposure concentrations
with various exposure frequencies (Fl, F2, F3), while the tables in Group B
compare each exposure frequency with various exposure concentrations of
the aerosol (0.0, 0.4, 0.75, and 1.0 mg/i) for both the initial exposure
and recovery groups.

RESULTS AND DISCUSSION

Gross lesions were observed primarily in the lungs, urinary bladder, kM
thymus, and mandibular lymph nodes in both the initial exposure and , 717_1
recovery groups. The gross lesions involving the lungs appeared to be,
treatment-related. A red discoloration with varying patterns of distributions
(mottled, multifocal, focal, and diffusly red) was most often observed in
the lungs of rats in the initial exposure group. Multiple red foci were
present in the lungs of 3/4 rats in the initial exposure group at the
1.0 mg/l exposure concentration, at the 3.5 hour exposure duration, at
the F2 exposure frequency. The lesion was not seen in lungs of rats in the 741
recovery group which had received similar treatment. However, it should
be noted that multiple red foci were observed in the lungs of 2/4 rats at -
both the 0.4 and 0.75 mg/1 exposure concentration, at F1 and F2 exposure
frequencies, at the 1.0 hour exposure duration. Mottled brown and tan "V
lungs were also observed in a few rats. Calculi were present in the
urinary bladder of many of the rats regardless of the treatment received.
Red discolorations were observed involving the mandibular lymph nodes and.
thymuses of a few rats.

SUMMARY AND CONCLUSIONS

In summary, treatment-related lesions were observed in the lungs of
rats exposured to the Aerosols of RP/BR combustion products. However,
the small group size makes it very difficult to determine if the lesions,
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observed in the lungs were significantly affected by varying exposure
concentrations of the aerosols, frequency of exposure, or duration of
exposure. Lesions were not observed in the lungs of rats in the recovery
group at the 1.0 mg/i exposure concentration. Al'l other lesions (except
those in the thymnus) were regarded as incidental findings and were
present in both the control and treated groups.
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TABLE GROUP A
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EPL
EXPERIMENTAL PATHOLOGY LABORATORIES, INC. .

IITRI PROJECT NUMBER L0(139
PHASE III STUDY 79 ,N

REPEATED INHALATION EXPOSURE STUDIES
TO AEROSOLS OP RP/BR

COINBUSTION PRODUCTS IN RATS

PATHOLOGY SUMMARY

Microscopic examinations were performed on selected tissues

from male Sprague-Dawley rats. The purpose of this study was to

evaluate the effects of exposure concentration, duration,

frequency, and recovery time of the repeated exposure of rats to

aerosols of combustion products of Red Phosphorus/Butyl Rubber

(HP/BR) on variouý biologic endpoints. Thils report contains the 64

histopathologic findings. The experimental design for this study

was as follows:

Group Exposure Class Exposure Number
Code Conc. Hours7Dy Frequency Recovery of Rats

I 0 3.5 P2 No 12

IR 0 3.5 F2 Yes :.

II Cl 1.0 F1,2,3 No 12

III Cl 3.5 P1,2,3 No 12

IV C2 1.0 F3,2,3 No 12

V 02 3.5 Fl,2,3 No 12

VI C3 1.0 F1,2,3 No 12

VIR C3 1.0 F2 Yes 11

VII C3 3.5 FI,2,3 No 12

VIIR C3 3.5 -2 Yes 1,
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All animals were exposed for four weeks. Recovery animals were

then untreated for an additional fourteen days. The aerosol

concentrations and exposure frequencies were as follows:

Cl 0. m*~rg/L
C2 = 0.75 mg/L
C3 = 1.0 mg/L
Fl = exposure on two consecutive days
F2 = exposure on four consecutive days
F3 = two exposure days separated by two days

rest

All rats were necropsied and gross and histologic

evaluations of the respiratory tract were conducted. According

to protocol, the following tissues were trimmed and processed to

paraffin blocks: trachea, pulmonary lymph nodes, each lung lobe, --.

nasal turbinates and gross lesions. The paraffin blocks were

then shipped to Experimentai Pathology Laboratories, Inc. where

hematoxylin and eosin stained slides were prepared and examined.

RESOLTS

The microscopic changes and a detailed listing of all

tissues evaluated are presented in the Histopathology Incidence

Tables. All lesions are summarized by treatment group and

presented in the Summary Incidence Tables. A correlation of

lesions observed at necropsy with the corresponding microscopic .'

observation, where possible, is presented in the Correlation of

'k5ross and Microscopic Findings Tables. The gross observations in .•1

these tables were transcribed from the necroosy sheet* provided

with the paraffin blocks.

200 * • ,
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The primary treatment-related change seen histologically in

the study was in the lung and diagnosed as "terminal bronchiolar

fibrosis". The lesion consisted of thickening of the alveolar

walls where the terminal bronchiole, lined by cuboidal

epithelium, joined the alveolar sacs. The thickening consisted

of a heterogeneous eosinophilic material compatible with

collagen, containing small numbers of cells. Larger cells with

prominent nuclei frequently lined the affected area. These cells

appeared to be macrophages or activated Type II pneumocytes. The

lesion was first detectable at a very minimal level in all of the

Group III (0.4rmg/l) rats that received exposure on four L.R

consecutive days. It was not seen in the F1 or F3 exposures in

this treatment group. The rats in all exposures in Group V

(0,75mg/i) had terminal bronchiolar fibrosis. In the F2 animals

in this group the lesion was mild in severity. At least three of'

four animals in each of the exposure groups in Group VI also had

the lesion. All Group VII animals at all exposure frequencies

had moderate terminal bronchiolar fibrosis. The fourteen day

recovery period given the animals in Group VIR and Group VIIR did

not affect the incidence or severity of the lesion.

An additional change that was seen in only treated animals

in some of the exposure frequencies in all treatment groups was

the presence of a minimal to mild eosinophilic infiltrate around

the airways anc blood vessels. The infiltrate consisted

primarily of eosinophils with small numbers of neutrophils and V

201 --
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lymphcytes intermixed. The highest incidence seen was 2/4

animals and occurred in Groups IV, V, and VI. The presence of

alveolar macrophages was noted in both control and treated rats.

The highest incidence (4/4) was seen in F2 Group VII.

All other changes seen in this study occurred in both

control and treated animals or were present in such low incidence

as to not be considered treatment related.

CONCLUSIONS

The results of this microscopic examination indicate that

L -nistration of RP/BR to rats for four weeks via inhalation at

the concentrations and for the durations of exposure used in this

study did not produce treatment related changes in the nasa.

turbinate, trachea, or pulmonary lymph nodes.

Treatment related changes were seen in the lung. The

primary lesion seen was terminal bronchiolar fibrosis which first

became evident when the rats were exposed to 0.4 mg/l of aerosol

for 3.5 hours/day for four consecutive days. The lesion

increased in incidence and severity with increased concentrations

and length of exposure of the test material. Holding the animals

for a fourteen day recovery period following the last exposure

did not reduce the incidence or severity of the lesion. An

additional pulmonary lesion was seen in some of the treated

animals and may be treatment related. This was the

peribronchiolar and perivasculai infiltration of eosinophils and

202
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was diagnosed "eosinophilic infiltrate".

W.4. Iverson-D.T.M.
Diplomate ACVP

I.-'

At.
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PROJECT L06139 ,b

PHASE Iii, STUDY 79

MALE RATS SUMMARY INCIDENCE TABLE

GROUP I & I-RECOVERY 0.0 Mr,/L L

3.5 HOURS/DAY

Group I IR
Exposure Frequency -2 , 2 72- -

NASAL TURBINATE-LEVEL 1 __

(Number Examined) (12) (4)

Hemorrhage 1 1 __

Acute Inflammation 1 0

NASAL TURBINATE-LEVEL 2

(Number Examined) (12) (4)__ (
Hemorrhage 4 2

Exudate 1 0 ___

TRACHEA

(Number Examined) (12) (4)

Hemorrhage 0 0

Lymphocytic Infiltrate 0 0 __

Squamous Metaplasia 0 0

PULMONARY LYMPH NODE(S) ___

(Number Examined) (11) (4) ___

Hemorrhage 3 4

Edema 2 2 ,,._

Lymphocytic Hyperplasia 4 4 _ _

Facrophage Hyperplasia 2 1 _ _ __

Lymphocytic Infiltrate 0 0

EPL ,

Ekperimental Patholop, Laboratories In( 204

41m



PROJECT L06139

PHASE III, STUDY 79

MALE RATS SUMMARY INCIDENCE TABLE

GROUP I & I-RECOVERY 0.0 MG/L

3.5 HOURS/DAY

Group I IR
Exposure Frequency- F2 F2 _

LUNG

(Number Examined) (12) (4)
Atelectasis 6 3

Hemorrhage 0 0

Focal Lymphocyte Aggregate 4 0

Alveolar Macrophages 2 1

Interstitial Inflammaticn 3 1

Terminal Bronchiolar

Fibrosis 0 0
Eosinophilic Infiltrate 0 0 0

MANDIBULAR LYMPH NODE (S)

(Number Examined) (12) (4)

Lymphocytic Hyperplasia 2 3

Macrophage Hyperplasia 0 0

Edema 0 0

Hemorrhage 3 3

SEMINAL VESICLE

(Number Examined) (1) (0)

Ejaculate 1 0

URINARY BLADDER .0

(Number Examined) (1) (3)

Concretion 0 3

LIVER
(Number Examined) (0) (1)

Necrosis 0 1

Hemorrhage 0 1

Experimental Paholopx Laboratorie!. In 205
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PHASE III, STUDY 79

MALE RATS SUMMARY INCIDENCE TABLE

GROUP I & I-RECOVERY 0.0 MG7L

3.5 HOURS/DAY

- .- - .-.-- I I R
Group - I F2 F

Exposure Frequency . F2

THYMUS

(Number Examined) (0) (0)

Hemorrhage 0 0

TAIL _-

(Number Examined) (0) (0) ___

Erosion 0 0 _

HIND LEG

(Number Examined) (0) (0) _,_

Hemorrhage . ...... _ 0 0

MESENTERIC LYMPH NODE(S) "_ __ _"

(Number Examined) (0) (0) ______

Edema 0 0 __ __

Lymphocytic Hyperplasia 0 0

Macrophage Hyperplasia' 0 0

DIAPHRAGM______________ ____

(Number Examined) (0) 1(0) '.

L
KIDNEY

(Number Examined) (0) (0) __

PROSTATE "_

(Number Examined) (0) (0) _

Edema 0 0 ' ___

..'

IPL

Experimental Paltholog• Laboratories, In( 206 N:
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PHASE III, STUDY 79

MALE RATS SUMMARY INCIDENCE TABLE

GROUP II 0.4 MG/L It
1.0 HOURS/DAY

S-Group II III
Exposure Frequency F1 F2 F3

NASAL TURBINATE-LEVEL 1

(Number Examined) (4) (4) (4)

Hemorrhage _ 0 0 1

Acute Inflammation 0 0 0

NASAL TURBINATE-LEVEL 2

(Number Examined) .... _ (4) (4) (4)

Hemorrhage 2 1 3

Exudate .... _0 0 0

TRACHEA ......

(Number Examined) (4) (4) (4)

Hemorrhage 0 0 1

Lymphocytic Infiltrate 0 0 0

Squamous Metaplasia 0 0 0

PULMONARY LYMPH NODE (S)

(Number Examined) (4) (4) (4)

Hemorrhage 0 0 0

Edema 1 3 2"

Lymphocytic Hyperplasia 3 2 3

Macrophage Hyperplasia 2 2 0 N

Lymphocytic Infiltrate 0 1 0

IEPL ;

[ixperimenta- 1athohog\ lalb(Irtot.iv In 207



PROJECT L06139 '

PHASE III, STUDY 79

MALE RATS SUMMARY INCIDENCE TABLE

GROUP I1 0.4 MG/L

1.0 HOURS/DAY

_-GopII II IIk'
__ _ Group

Exposure Frequency F1 F2- -F3

LUNG(Number Examined) (4) (4) (4)

Atelectasis 2 1 3

Hemorrhage 0 0 1 " ___

Focal Lymphocyte Aggregate 0 1 0

Alveolar Macrophages 1 1 0

Interstitial Inflammaticn 0 1 2 .-

"Terminal Bronchiolar ___ _,

Fibrosis 0 0 0

EosinophilicInfiltrate_____ 1 ____ 1 ___ .

MANDTBULAR LYMPH NODE(S)

(Number Examined) (1) (0) (0)

Lymphocytic Hyperplasia 1 0 0

Macrophage Hyperplasia 0 . _0 .._ 0

Edema 0 0 0

Hemorrhage 1 0 0-

SEMINAL VESICLE .... .,._._

(Number Examined) (0) (0) (0)

Eiaculate 0 0 0

URINARY BLADDER _ _ ____

(Number Examined) (0) (2) (0)

Concretion 0 2 0

LIVER 4.

(Number Examined) (0) (0) (0)

Necrosis 0 0 0 .

Hemorrhage __.._ 0 0 0

xperimental Patholog\ Lboratorep,, In( 208
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PROJECT L06139

PHASE III, STUDY 79

MALE RATS SUMMARY INCIDENCE TABLE

GROUP II 0.4 MG/L

1.0 HOURS/DAY

Group It II IIExposure Frequency -F1 F2 " -F3-

THYMUS

(Number Examined) (1) (0) (0)

Hemorrhage 1 0 0

TAIL

(Number Examined) (0) (0) (0)

Erosion 0 0 0

HIND LEG

(Number Examined) (0) (0) (0)

Hemorrhage 0 0 0

MESENTERIC LYMPH NODE(S)

(Number Examined) (0) (0) (0)

Edema 0 0 0
Lymphocytic Hyperplasia 0 0 0

Macrophage Hyperplasia 0 0 0

DIAPHRAGM
(Number Examined) (0) (0) (0)

KIDNEY

(Number Examined) (0) (0) (0)

PROSTATE

(Number Examined) (0) (0) (0)

Edema 00 0 0

E PL

Fxperimental Pit holog. Laboratories, l 209
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PROJECT L06139

PHASE I11, STUDY 79

MALE RATS SJMMARY INCIDENCE TABLE

GROUP I11 0.4 MG/L

3.5 HOURS/DAY

Group I III Il III
Exposure rrequency - Fl F2._ F3

NASAL TURBINATE-LEVEL 1 _

(Number Examined) (4) (4) (4)

Hemorrhage 0 0 1 ____ 0
Acute Inflammation 0 0 0

NASAL TURBINATE-LEVEL 2

(Number Examined) ._ (4) (4) (4) -

Hemorrhaqe 1 0 2

Exudate 0 0 0

TRACHEA '__ _ _ _ __

(Number Examined) (4) (4) (4)

Hemorrhage 0 0 0

Lymphocytic Infiltrate 0 0 0

Squamous Metaplasia 0 0 _ 0,0

PULMONARY LYMPH NODE(S) __,

(Number Examined) (4) (4) (4)

Hemorrhage 1 0 1

Edema 1 1 4

Lymphocytic Hyperplasia 3 2 3

Macrophage Hyperplasia 1 2 1

Lymphocytic Infiltrate 0 0 0

I P I ?.

'" ExpC~fl)(, et-d! Paholog• Laboratori ,. I,,( 210
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PROJECT L06139

PHASE III, STUDY 79

MALE RATS SUMMARY INCIDENCE TABLE

GROUP III 0.4 MG/L

3.5 HOURS/DAY

Group IlI III III
Exposure Frequency Fl F2 P3

LUNG

(Number Examined) (4) (4) (4)

Atelectasis 2 1 3

Hemorrhage .... 1 0 1

Focal Lymphocyte Aggregate 1 1 1 -

Alveolar Macrophages 1 1 2

Interstitial Inflammaticn 1 0 1

Terminal Bronchiolar

Fibrosis 0 4 0

Eosinophilic Infiltrate 1 1 1

MANDIBULAR LYMPH NODEE (S)

(Number Examined) (2) (1) (1)

Lymphocytic Hyperplasia 2 1 1

Macrophage Hyperplasia 0 0 0

Edema 0 0 0

Hemorrhage 2 0 1

SEMINAL VESICLE

(Number Examined) (0) (0) (0)

Ejaculate 0 0 0

URINARY BLADDER

(Number Fxamined) "(2) (2) (1)

Concretion 1 1 1

LIVER
(Number Examined) (0) (0) (0)

Necrosis 0 0 0

Hemorrhage 0 0 0

E PL

[p),'rmu(,ntal Patholoo' I.aboratore% Imt 211
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PROJECT L06139

PHASE III, STUDY 79

MALE RATS SUMMARY INCIDENCE TABLE

GROUP 111 0.4 M G/L

3.5 n1OURS/DAY

Group III III
Exposure Frequency F_ F2 F3

THYMUS .. -.

(Number Examined) (1) (2) (0)

Hemorrhage 1 2 0

TAIL __,

(Number Examined (0) (0) (1)

Erosion 0 0 1

HIND LEG

(Number Examined) (0) (0) _i)__ 1
Hemorrhace 0 0 1

MESENTERIC LYMPhI NODE (S)
(Number Examined) (0) (0) (0)(0)

Edema 0 0 _ _ .0
Lymphocytic Hyperplasia 0 0 -0,

Macrophage Hyperplasia 0 0 0

DIAPHRAGM ,1 1
(Number Examined) (0) (0) (0)

KIDNEY ""

(Number Examined) (0) (0) ,0) "

PROSTATE

(Number Examined) (0) (0) (0)

Edema 0 0 0

iv

1p4
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PROJECT L06139

PHASE III, STUDY 79

MALE RATS SUMMARY INCIDENCE TABLE

GfROUP I1\ 0.75 MG/L

3.5 HOURS/DAY

Group IV IV IV
Exposure Frequency -i r2 -r3

NASAL TURBINATE-LLVEL 1

(Number Examined) (4) (4) (4)

Hemorrhage 0 0 1
Acute Inflammation 0 0 0

NASAL TURBINATE-LEVEI, 2

(Number Examined) (4) (4) (4)
Hemorrhage 1 _ 0 1

Exudate 0 0 0

TRACIIEA

(Number Examined) (4) (4) (4)

Hemor rhage 0 0 0

Lymphocytic Infiltrate 0 0 0

Squamous Metaplasia 0 0 0

PULMONARY LYMPH NODE(S)

(Number Examined) (4) (4) (4)

Hemorrhage 1 2 2

Edema 3 3 1

Lymphcytjiclp__.verPlas i a 1 2 4

Macrophage Hyperplasia 1 2 3

Lymphocytic Infiltrate 0 0 0

EPPIS
___________________~ I -- - , -- - -- ----- -... '

[xe lenhda Pllwhohog\ I.1601,114,11t., Ihu 213DII



PROJECT L06139 1-

PHASE III, STUDY 79

MALE RATS SUMMARY INCIDENCE TABLE

GROUP IV 0.75 MG/L

3.5 HOURS/DAY

- Group IV IV
Exposure Frequency Fl F2 F3 F3

LUNG ,___,
(Number Examined) (4) (4) (4)

Atelectasis 2 2 __3____,

Hemorrhage 1 1 1

Focal Lymphocyte Aggreqate 01 0

Alveolar Macrophages 01 0

Interstitial Inflammaticn 2 0

Terminal Bronchiolar _______

Fibrosis .... 0 0 0 _,

Eosinophilic Infiltrate ._ 0 2

MANDIBULAR LYMPH NODE(S)

(Number Examined) (1) (2) (0) 1 .. :r

Lymphocytic Hyperplasia 1 2 0

Macrophage Hyperplasia 0 1 0

Edema 0 0 0

Hemorrhage 1 2 0____ 0

SEMINAL VESICLE (0) _ _ (
(Number Examined) (0) (0) (0) '

Ejaculate 0 0 0

URINARY BLADDER ___

(Number Examined) (2) 0() . (0)

Concretion 2 1 0

LIVER "___'_

(Number Examined) (0) (0) (0)

Necrosis 0 0 00

Hemorrhage 0 0 __"__'-_"

EPIL

qxrimental Patholog% I aboralores., In( 214 Li 4
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PROJECT L06139

PHASE III, STUDY 79

MALE RATS SUMMARY INCIDENCE TABLE

GROUP IV 0.75 MG/L

3.5 HOURS/DAY

Group IV IV IV
Exposure Frequency Fl F2 F3

THYMUS

(Number Examined) (2) (1) (0)

Hemorrhage 21 0

TAIL

(Number Examined) (0) (0) (0)

Erosion 0 0 0

HIND LEG

(Number Examined) (0) (0) (0)

Hemorrhage 0 0 0

MESENTERIC LYMPH NODE(S)

(Number Examined) (0) (1) (0)

Edema 0 1 0

Lymphocytic Hyperplasia 0 1 0

Macrophage Hyperplasia 0 1 0

DIAPHRAGM

(Number Examined) (0) (0) (0)

KIDNEY

(Number Examined) (0) (0) (0)

PROSTATE

(Number Examined) 1 (0) (0) (0)

Edema 0 0 0

EPIL

Experimentail Patholop\ Laloralorni., In( 215
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PROJECT L06139

PHASE III, STUDY 79

MALE RATS SUMMARY INCIDENCE TABLE

GROUP V 0.75 MG/L

3,5 HOURS/DAY

Group V V V
Exposure Frequency F1_ _ F2 _ F3____ P-

NASAL TURBINATE-LEVEL 1 _ __ _ _ _

(Number Examined) (4) (4) (4)

Hemorrhage 0 0 0

Acute Inf lammation 0 0 0

NASAL TURBINATE-LEVEL 2 ,__ _

(Number Examined) (4) (4) (4)_____ 4
Hemorrhage 2 2 2 __-, _

Exudate 0 0 0

TRACHEA ",'•"

(Number Examined) (4) (4) (4)

Hemorrhage ,._ 0 0 , 0

Lymphocytic Infiltrate _ 0 0 0

Squamous Metaplasia 0 0 3

PULMONARY LYMPH NODE (S)____
(Number Examined) (4) (4) (4)_,__ (

Hemorrhage 2 1 1___ 11
Edema 2 2 3
Lymphocytic Hyperplasia _____ 1 ___ "___

Macrophage Hyperplasia 1 2 , _ 1 -

Lymphocytic Infiltrate 1 0 0

E P L •%.•

""_xperimental Pathology Laboratorcs, In( 216 '0



PROJECT L06139

PHASE III, STUDY 79

MALE RATS SUMMARY INCIDENCE TABLE

GROUP V 0.75 MG/L

3.5 HOURS/DAY

Group V V V
Exposure Frequency Fl F2 F3___.__ F

LUNG _

(Number Examined) (" (4) (4) (4)

Atelectasi s 0 2 2

Hemorrhage 0 0 0

Focal Lymphocyte Aggrega te ± 1 1

Alveolar Macrophages 0 1 1

Interstitial Inflammaticn 2 1 2

Terminal Bronchiolar

Fibrosis 4 4 4

Eosinophilic Infiltrate 2 2 0

MANDIBULAR LYMPH NODE(S) _

(Number Examined) (0) (0) (1)

Lymphocytic Hyperplasia 0 0 1

Macrophage Hyperplasia 0 0 0 E
Edema 0 0 0 ho

Hemorrhage 0 0 1

SEMINAL VESICLE____________

(Number Examined) (0) (0) (i)___ (1

Ejaculate 0 0 ____-,

URINARY BLADDER _"__-

(Number Examined) (1) (2) (1) Af_
Concretion 1 2 0

LIVER ____

(Number Examined) (0) (0) (0)

Necrosis 0 0 0

Hemorrhage 0 0 0

F P L
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PROJECT L06139

PHASE III, STUDY 79

MALE RATS !
SUMMARY INCIDENCE TABLE

GROUP V 0.75 MG/L

3.5 HOURS/DAY

Group V V V

Exposure Freguency Fl F2 F3 .

THYMUS ......

(Number Examined) (0) (0) (0)

Hemorrhage 0 0 0

TAIL _

(Number Examined) (0) (0) (0)

Erosion 0 0 0

HIND LEG

(Number Examined) (0) (0) (0)

Hemorrhage 0 0 . 0

MESENTERIC LYMPH NODE (S) ,_

(Number Examined) (0) (0) (0)

Edema 0 0 0

Lymphocytic Hyperplasia 0 0 0 -

Macrophage Hyperplasia 0 0 0

DIAPHRAGM ,_

(Number Examined) (0) (0) (0)

KIDNEY

(Number Examined) (0) (0) (0)

PROSTATE

(Nuipber Examined) (1) (0) (0)

Edema 1 0 0

[PL
- Fxperinnental Patholog• Laboraltorie,,. hnc 218
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PROJECT L06139

PHASE III, STUDY 79

MALE RATS SUMMARY INCIDENCE TABLE

GROUP VI & VI-RECOVERY 1.0 MG/I

1.0 HOURS/DAY

Group VIR VI VI VI

-Exposure-Frequency F2 F1 F2- F3

NASAL TURBINATE-LEVEL 1

(Number Examined) (4) (4) (4) (4)

Hemorrhage 0 0 0 0

Acute Inflammation 0 0 0 0

NASAL TURBINATE-LEVEL 2

(Number Examined) (4) (4) (4) (4)

Hemorrhage 1 2 0 2

Exudate 0 0 0 0

TRACHEA

(Number Examined) (4) (4) (4) (4)

Hemorrhage 0 0 0 0

Lymphocytic Infiltrate 0 1 0 0

Squamous Metaplasia 0 0 0 0

PULMONARY LYMPH NODE(S)

(Number Examined) (4) (4) (4) (4)

Hemorrhage 1 1 2 1

Edema 0 0 0 1

Lymphocytic Hyperplasia 2 1 0 3

Macrophage Hyperplasia 0 1 0 1

Lymphocytic Infiltrate 0 0 0 0

EPL

Epernimental PathIo•\ I aboratorwI'. Iri 219
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PROJECT L06139

PHASE III, STUDY 79

MALE RATS SUMMARY INCIDENCE TABLE

GROUP VI & VI-RECOVERY 1.0 MG/L

1.0 HOURS/DAY

Group VIR VI VI VI
- Exposure Frequency - F2 F1 F2 F3

LUNG
(Number Examined) (4) (4) (4) (4)

Atelectasis 2 3 4 3

Hemorrhage 0 0 0 1 __--_

Focal Lymphocyte Aggregate 0 0 0 1 ____

Alveolar Macrophages 1 0 1 0

Interstitial Inflammati .. 1 0 0 1 _____

Terminal Bronchiolar __,

Fibrosis 4 4 3 4 ______

Eosinophilic Infiltrate 0 1 0 2_

MANDIBULAR LYMPH NODE(S) ',_._ _

(Number Examined) -_(0) (0) (2) (1)____

Lymphocytic Hyperplasia 0 0 2 1

Macrophage Hyperplasia 0 0 0 0

Edema 0 0 0 0

Hemorrhage 0 0 2 1

--- 4 -

SEMINAL VESICLE

(Number Examined) (0) (0) (0) (1) _._"

Ejaculate 0 0 0 1 _ _

URINARY BLADDER

(Number Examined) (1) (0) (0) (1) ___

Concretion 0 0 0 1 1

LIVER

(Number Examined) ,_'- _ (0) (0) (0) (0) _._

NeCrosis ____ 0 0 0 0 ._ _

Hemorrhage 0 0 0 0

EPL
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PROJECT L06139

PHASE II1, STUDY 79

MALE RATS SUMMARY INCIDENCE TABLE

GROUP VI & VI-RECOVERY 1.0 MG/L

1.0 HOURS/DAY

Group VIR VI VI VI
Exposure Frequency F2 Fl F2 F3

THYMUS

(Number Examined) (1) (0) (0) (2)

Hemorrhage 0 0 0 2

TAIL

(Number Examined) (0) (0) (0) (0)

Erosion 0 0 0 0

HIND LEG

(Number Examined) (0) (0) (0) (0)

Hemorrhage 0 0 0 0

MESENTERIC LYMPH NODE(S)

(Number Examined) (0) (0) (0) (0)

Edema 0 0 0 0

Lymphocytic Hyperplasia 0 0 0 0

Macrophage Hyperplasia 0 0 0 0

DIAPHRAGM

(Number Examined) (0) (0) (0) (0) -

KIDNEY

(Number Examined) (0) (0) (0) (0)

PROSTATE

(Number Examined) (0) (1) (0) (0)

Edema 0 1 0 0

EPL
F xperimentaI Patholog¢' L aboratories. In,, 221



PROJECT L06139

PHASE III, STUDY 79

MALE RATS SUMMARY INCIDENCE TABLE NA

GROUP VII & VII-RECOVERY 1.0 MG/L %

3.5 HOURS/DAY

-Group VIIR VII VII VII
Exposure Frequency F2 F1 F2 F3 _ _

NASAL TURBINATE-LEVEL 1 ....

(Number Examined) . (4) (4) (4) (4) ____

Hemorrhage 0 0 0 0

Acute Inflammation 0 0 0 0 _

NASAL TURBINATE-LEVEL 2

(Number Examined) _ (4) (4) (4) (4) _

Hemorrhage 0 0 0 1"
Exuda te 0 0 0 0•'••:

TRACHEA ,__-__ _ _

(Number Examined) (4) (4) (4) (4)

Hemorrhage 0 0 0 0
Lymphocytic Infiltrate 0 0 0 0

Squamous Metaplasia _ 0 0 0 0 _____:__

r.

PULMONARY LYMPH NODE(S) _ _ % .___"

(Number Examined) (4) (4) (4) (4) ___

Hemorrhage 1 0 0 1__,____
Edema 1 3 0 1
Lymphocytic Hyperplasia 3 1 3 2

Macrophage Hyperplasia 0 2 0 1

Lymphocytic Infiltrate 0 0 0 0

.!PL I.
Experimental Patholog' Laboratoriek In( 222
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PROJECT L06139

PHASE III, STUDY 79

MALE RATS SUMMARY INCIDENCE TABLE

GROUP VII & VII-RECOVERY 1.0 MG/L

3.5 HOURS/DAY

Group VIIR VII VII VII
Exposure Frequency .... _ F2 F1 F2 F3

LUNG

"(Number Examined) (4) . (4) (4) (4)

Atelectasis 2 1 2 2

Hemorrhage 0 0 0 0

Focal Lymphocyte Aggregate 0 0 0 0

Alveolar Macrophages 0 1 4 0

Interstitial Inflammatio 0 0 0 0

Terminal Bronchiolar
Fibrosis 4 4 4 4

Eosinophilic Infiltrate 0 1 0 0

MANDIBULAR LYMPH NODE(S)

(Number Examined) (2) (0) (2) (2)

Lymphocytic Hyperplasia 2 0 2 2

Macrophage Hyperplasia 1 0 0 1

Edema 0 0 0 1

Hemorrhage 2 0 2 1

SEMINAL VESICLE

(Number Examined) (1) (0) (0) (1)

Ejaculate 0 0 0 1

URINARY BLADDER

(Number Examined) (2) (2) (2) (1)

Concretion 1 1 2 1

LIVER

(Number Examined) (0) (0) (0) (0)

Necrosis 0 0 0 0

Hemorrhage 0 0 0 0

EPL
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PROJECT L06139

PHASE III, STUDY 79

ALE RATS SUMMARY INCIDENCE TABLE

GROUP VII & VII-RECOVERY 1.0 MG/L

3.5 HOURS/DAY .k-

Group VIIR VII VII VII
Exposure Frequency F2 F! F2 F3

THYMUS ___,"

(Number Examined) (0) (0) (0) (0) _

Hemorrhage 0 0 0 0

TAIL

(Number Examined) (0) (0) (0) (0)

Erosion 0 0 0 0 -

HIND LEG __-__ _

(Number Examined) (0) (0) (0) (0) _ _

Hemorrhage 0 0 0 0 ..

MESENTERIC LYMPH NODE(S) _ _ _ _ ___

(Number Examined) __(0) (0) (0) (0) _______

Edema 0 0 0 0

Lymphocytic Hyperplasia "'" 0 0 0 0

Macrophage Hyperplasia 0 0 0 0 _____

DIAPHRAGM ___

(Number Examined) (0) (0) (0) (0) _ _

KIDNEY _

(Number Examined) (0) (0) (0) (0) ,_

PROSTATE

(Number Examined) (0) (0) (0) (0) _____

Edema ____ 0 0 0 0 ____

Experi mental PathologN Laboratornes. In( 224.
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"QUALITY ASSURANCE
REPORT CERTIFICATION

SClient Name: IIT Research Institute

Client Study Number: L06139 Pnase III Study 79

Study Director: Dr. W.0. Iverson Pathologist: Dr. W.O.Iverson

Study Title: Repeated Inhalation Exposure Studies to Aerosols of
RP/BR Combustion Products in Rats, Amendment #1

Test Article: Combustion Products of Red Phosphorus/Butyl Rubber

Species: Sprague-Dawley Rats

All parts of the pathology phase of this study, including the

final report, were reviewed by Experimental Pathology

Laboratories Quality Assurance Unit on March 20, 1984. All

findings were reported to the Study Director and Management.

28T9"L. Plankenhorn

289



EPL'2
EXPERIMENTAL PATHOLOGY LABORATORIES, INC. .

TABLE OF CONTENTS

PAGE

PATHOLOGY SUMMARY .................................. 291'

HISTOPATHOLOGY INCIDENCE TABLES .................... 293

290

j.N

5I-.

290 •



EPL
EXPERIMENTAL PATHOLOGY LABORATORIES, INC.

W.

IITRI PROJECT NUMBER L06139
PHASE III STUDY 79

REPEATED INHALATION EXPOSURE STUDIES
TO AEROSOLS OF RP/BR

COMBUSTION PRODUCTS IN RATS
AMENDMENT #f l';

PATHOLOGY SUMMARY

Microscopic examinations were performed on specially stained •' \
sections of lung from male Sprague-Dawley rats. The purpose of • -

these examinations was to confirm and grade the amount of

collagen in the terminal bronchioles and associated alveoli. Two

animals from each exposure group with previously reported

terminal bronchiclar fibrosis were selected for examination. Two

control animals were also selected. The paraffin blocks

containing the right lung lobes from the selected animals were

sectioned and stained with Masson's trichrome stain to

demonstrate collagen. The slides were prepared and examined by

Experimental Pathology Laboratories, Inc.

0.

RESULTS

The amount of stainable collagen in the alveolar walls was

graded subjectively and recorded in the Histopathology Incidence

Table. The Group and Exposure Frequency is also recorded at the

top of each page. "

The amount of collagen normally present in the alveolar

291
iS.- 4•
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septa was recorded as "1", minimal. Some of the animals that had
rN -

minimal to mild amounts of thickening of the terminal bronchiole

and its associated alveolae did have a mild amount of collagen, r j,.

i.e.,grade 2, compared to the controls. In other animals the cP
amount of stainable collagen present was not any greater than in

the control animals, indicating that collagen fibers did not

comprise all of the thickening present. Moderate amounts of.
collagen were present in most of the animals that were previously

graded as 3 - terminal bronchiolar fibrosis.

t I •

CONCLUSIONS

The results of this microscopic examination indicate'that

the thickening of the terminal bronchiole and its assoctated: >4
alveolae is indeed due, in part, to fibrosis - the formatio'n of'

new collagen fibers in excess of what would normally be present.

Fibrosis does not account for all of the thickening. In animals

where the thickening was minimal, an increase in stainable

collagen was not readily demonstrated. As the thickening became

mild to moderate in severity, increased amounts of collagen in

these areas were apparent. K,

W.O. Iverson, I.V.M.
Diplomate, A.C.V.P. ,

,4w
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Client Hlimoi lIT Rosoarch Inttitute

®ritnt 9tudy NMymbr; L06139 Phase III Study 79

Iit .y 04reaotori Or, W,O. Ivorson Pathologist: Dr. W.O.Iverson

'.tudy Titt1 Rc-poated Inhalation Exposure Studies to Aerosols of
R'/lk Combusjton Products in Rats, Amendment #2

•i, Artiolioj CoftIbiustion Products of Red Phosphorus/Butyl Rubber

5P@61@fl pr~g'ie-Dawley Rats

ATlI p#rit•f the pothal)ogy phase of this study, including the

ftini r#ltrt, worg roviewed by Experimental Pathology

rt~or'Q quollty Assurance Unit on July 3, 1984. All
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EPL
EXPERIMENTAL PATHOLOGY LABORATORIES, INC.

IITRI PROJECT NUMBER L06139 f oz.

PHASE III STUDY 79

REPEATED INHALATION EXPOSURE STUDIES
TO AEROSOLS OF -RP/BR

COMBUSTION PRODUCTS IN RATS

PATHOLOGY REPORT AMENDMENT f2

PATHOLOGY SUMMARY

Microscopic examinations were performed on selected tissues

from male Sprague-Dawley rats. The purpose of these examinations

was to determine if there were any treatment-related effects in

tissues outside of ;ie respiratory tract from the exposure of

rats to aerosols of RP/BR .ombustion products. Tissues from rats

which had received 0.0 mg/L or 1.0 mg/L for 3.5 hours/day for

four consecutive d6ys for four weeks and the respective recove;ry

groups from these exposures, were .Jected for examination. .

Paraffin blocks conta ,nu -he following tissues were

prepared at the Illinois lsý .ute of Technology Research

Institute: heart, ey i . adrenals, liver, esophagus,

stomach, duodenum, and urinary bladder. The paraffin blocks were

shipped to Experimental Pathology Laboratories, Inc., where

hematoxylin and eosin stained slides were prepared and examined.

A number of animals did not have urinary bladder present because

it had been processed and examined as a part of the ,riginal

pathology repor! for this study.
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RESULTS

The microscopic changes found and a detailed listing of all

- ttssues evaluated- are --presented in- the -- Histopathology Incidence

Tables. All lesions are summarized by treatment group and

presented in the Summary Incidence Tables.

No Changes were seen in the tissues examined which appeared

to be related to the test material. Most lesions seen were

present in the kidneys of both treated and control animals and

consisted of early changes associated with chronic progressive

nephropathy, a common degenerative renal disease of laboratory

rats. The concretions seen in the urinary bladder of both

treated and control animals are probably coagulated protein

secreted by the male accessory sex glands at the time of

euthanasia.

CONCLUSIONS

The results of the additional microscopic examinations

indicate that administration of RP/BR to rats for four weeks via

inhalation at 1.0 mg/L for 3.5 hours per day for four consecutive

days did not produce treatment related changes in the heart,

eyes, kidneys, adrenals, liver, esophagus, stomach, duodenum, or

urinary bladder.

W.O. Iverson, D.,V.M.
Diplomate, ACVP
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PROJECT L06139 SUMMARY INCIDENCE TABLE
PHASE III, STUDY 79

MALE RATS .-

GROUP: I IR VII VIIR .1 .1
-EXPOSURE FREQUENCY: -- F2- --F2 F2 J -2 Ask_

HEART ,___ _

(Number Examined) (4) (4) (4) (4) _.,. ____

EYE _..___

(Number Examined) (4) (4) (4) (4) .. _'__

KIDNEY - _

(Number Examined) (4) (4) (4) (4) ,___.,_-_

Hyaline Casts 4 4 3 3 _ _

Tubular Hyperplasia 1 2 1 "

Intratubular Mineralization 3 3 1 2 .... . __

Lynphocytlc Infiltrate 1 1 1-

ADRENAL ..,,

(Number Examined) (4) (4) (4) .... (4)..,

LIVER

(Number Examined) (4) (4) (4) (4)

ESOPHAGUS

(Number Examined) (4) (4) L41 (4)

STOMACH _ _"

(Number Examined) (4) (4) (4) (4)

DUODENUM

(Number Examined) (4) (4) (4) (4) t

_ _ _ _ _ _ _ _ _ _ _ _ _ _ Pat LboratoriesI Inc_300

1 xperimentaI Pathology Laboratories. Inc )0O



"PROJECT L06139 SUMMARY INCIDENCE TABLE

PHASE Ill, STUDY 79

MALE RATS

GROUP: I I R VII VIIR
EXPOSURE FREQUENCY: F2 F2 F2 F2

URINARY BLADDER '"___- ____"

(Number Examined) (3) () 2)(2)

Concretion 1 _I 1 _,____

,. SL

. .

Experimental Patholog, Laboratories. In( 301
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PATHOLOGY SYNOPSIS

Treatement-related gross morphologic lesions were observed in thoracic
cavity and lungs in Sprague-Dawley rats from the experimental group that
died spontaneously during the study. Micros'-. :ic examination of the
-tissues did- not reveal any treatment-related • .ianges-in the heart, eyes,
kidneys, adrenals, livers, esophagus, stomach, duodenum, urinary bladder,
trachea and pulmonary lymph nodes. Inhalation of RP/BR by male rats for
2.25 hours per day for four consecutive days for four weeks at 0.75, 1.0
"or 1.2-1.3 mg/l exposure levels induced terminal bronchiolar fibrosis in
both terminal and recovery sacrifice. Inflammation of nasal turbinates
was another change which was treatment-related. Most of the rats that
died spontaneously had congestion of the nasal turbinates, lung and liver.
Four of the sixteen rats which died spontaneously had very minimal terminal
bronchiol ar fibrosis.

V adislava S. Rac, M.S., D;V.M.
Scientific Advisor
Veterinary Pathologist •

II1' RESEARCH INSTITUTE ."
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GROSS NECROPSY OBSERVATIONS

Phase III Study Number 79S

In accordance with experimental protocol, gross examinations of organs
and tissues were performed on 120 male Sprague-Dawley rats in the toxicology
group of Project L6139 Study Number 79, Supplemental (79S). The rats were
divided into seven groups each containing male rats. The rats were exposed
to various concentrations of RP/BR aerosol for 2.25 hours per day for four
consecutive days for four week periods. Four of the seven groups of rats
were sacrificed on the day of their last exposure while the rats in the
remaining three groups (the recovery groups) were sacrificed 14 days fol-
lowing their last exposure. The groups, treatment, number of rats per
group, and corresponding exposure concentration levels are outlined below.

Exposure
Treatment Number of Concentration

Group Treatment Rats Levels (mg/1) L .'-

22 Filtered Air 15 0.0
23 RP/BR Aerosol 14 0.75
24 RP/BR Aerosol 15 1.0
25 RP/BR Aerosol 3 0 a 1.3 or 1.2
26 Filtered Air 16 0.0
27 RP/BR Aerosol 16 1.0
28 RP/BR Aerosol 14 1.3 or 1.2

MATERIALS AND METHODS

The rats were anesthesized with Nembutal exsanguinate by way of the
abdominal aorta and necropsied. The organs were examined and fixed in 10%
neutral buffered formalin for a period of no less than 48 hours before
further processing. The lungs were fixed by intratracheal perfusion of
formal i n.

The following tissues were collected at necropsy. Tissues marked
with an asterisk (*) in the list below were processed by Histology Labora-
tory embedded in paraffin and resulting blocks were sent to EPL for further
processing and microscopic examination., '"

Skin/Mammary Gland Ileum *Liver
Tongue Jejunum *Kidneys
Larynx Mandibular Lymph Nodes *Adrenal Glands
Parathyroid/Thyroid *Eyes Spleen
*Trachea Brain Pancreas

a Includes spontaneous mortalities

lIT RESEARCH INSTITUTE

313



*Esophagus Spinal Cord Cecum
*Heart (Cervical) Colon
Thymus Pituitary Gland Mesenteric Lymph
*Lungs Ears (Tag) Nodes
*Urinary Bladder *Nasal Turbinates Skeletal Muscle
*Stomach *Respiratory Lymph Sciatic Nerve NP
*Duodenum Nodes Mandibular Glands
Salivary Sternum
Femur/Bone Marrow Testes -

A summary of gross observations is presented by groups in the Necropsy.
Observations Tables.

PATHOLOGY RESULTS

Gross Observations: Treatment-related lesions were observed in rats
that died spontaneously during the study. The lesions consisted of mottled
red, dark red lungs, thoracid cavity containing red fluid, and dark red
liver. No treatment-related changes were found at necropsy.

SUMMARY AND CONCLUSIONS

Treatment-related lesions were observed in lungs and liver of the
rats that died during the study.

31.
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IITRI PROJECT NUMBER L06139 .,
PHASE III STUDY 79-S

INHALATION EXPOSURE STUDIES
WITH RP/BR

COMBUSTION PRODUCTS IN RATS

PATHOLOGY SUMMARY

Microscopic examinations were performed on selected tissues

from male Sprague-Dawley rats. The purpose of this study was to

evaluate the effects of exposure concentration and recovery time

of the repeated exposure of rats to combustion products of Red

Phosphorus/Butyl Rubber (RP/BR) on various biologic endpoints.

This report contains the histopathologic findings. The
I, -

experimental design for this study was as follows:

Treatment Code Concentration Recovery Number of N

Group mg/L Rats

22 CO 0 No 15

23 C1 0.75 No 14

24 C2 1.0 No 15

25 C3 1.3 or 1.2 No 30*

26 CO 0 Yes 16

27 C2 1.0 Yes 16

28 C3 1.3 or 1.2 Yes 14

* Sixteen of the Treatment Group 25 animals died spontaneously
before the completion of all exposures.

All animals were exposed for 2.25 hours per day for four

consecutive days for four weeks. Recovery animals were then

untreated for an additional fourteen days.
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The Group designations used in this report are as follows:

Group Code Concentration Recovery

1 CO 0 No

2 CO 0 Yes _

3 Cl 0.75 No

4 C2 1.0 No

5 C2 1.0 Yes

6 C3 1.3 or 1.2 No

7 C3 1.3 or 1.2 Yes

All animals in Groups 6 and 7 have a small case letter e.r

designation added to the animal number which specifies the exact

exposure regimen that animal received. The exposure regimens

are:

a. 1 exposure for 70 min. at 1.6 mg/L and 65 min at 1.3 mg/L

b. I exposure for 2.25 hr. at '1.3 mg/L

c. 14 exposures for 2.25 hr. at 1.2 mg/L

d. specified number of exposures for 2.25 hr. at 1.2 mg/L I

All rats were necropsied and gross and histologic

evaluations of the respiratory tract were conducted. According

to protocol, the following tissues were trimmed and processed to

paraffin blocks: trachea, pulmonary lymph nodes, each lung lobe, '. -

nasal turbinates and gross lesions. The paraffin blocks were

then shipped to Experimental Pathology Laboratories, Inc. where

hematoxylin and eosin stained slides were prepared and examined.

32',
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RESULTS

The microscopic changes and a detailed listing of all

tissues evaluated are presented in the Tabulated Animal Data

Tables. All lesions are summarized by treatment group and
*,. %

presented in the Project Summary Tables. A correlation of

lesions observed at necropsy with the corresponding microscopic

observation, where possible, is presented in the Correlation of

Gross and Micro Tables. The gross observations in these tables

were transcribed from the necropsy sheets provided with the

paraffin blocks.

The prinmary treatment-related change seen histologically in

the study was in the lung and wa-s diagnosed as "terminal •K.

bronchiolar fibrosis". The lesion consisted of thickening of the

alveolar walls where the terminal bronchiole, lined by cuboidal p%
epithelium, joined the alveolar sacs. The thickening consisted
of a heterogeneous eosinophilic material compatible with

collagen, containing small numbers of cells. Larger cells with

prominent nuclei frequently lined the affected area. These cells

appeared to be macrophages or activated Type Il pneumocytes. All

animals which were sacrificed in all the treated groups, both

terminal and recovery sacri fice, had terminal bronchiolar

fibrosis. The lesion was generally mild in Group 3 and 4 animals

which received 0.75 or 1.0 mg/L respectively. Group 5, 6 or 7

animals had moderate fibrosis. A single animal in Groups 6 and 7

had severe terminal bronchiolar fibrosis. Four of the Group 6

animals which died spontanteously had very minimal thickening of
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the terminal bronchioles. Another change which may be treatment

related was inflammation of the nasal turbinates. This consisted

- -- of an Increase in numbers of lymphocytes in the submucosa with

infiltration of the mucosa by the same cells. Neutrophils were

sometimes also present. The inflammation was usually only

minimal in severity but approximately one-half of the C2 and C3

recovery animals had it in the most posterior section of the

nasal turbinate (level 2). A substantial number of recovery

control animals. had inflammation in level 1 of the turbinate as

did C2 and C3 recovery animals.

Most of the animals in the high dose group (Group 6) which

died spontaneously had congestion of the nasal turbinates, lung

and liver. This was to be expected in an animal that was not

exsanguinated at the time of death. Four of the sixteen animals

which died spontaneously had very minimal terminal bronchiolar

fibrosis.

All other changes seen in this study occurred in both

control and treated animals or were present in such low incidence

as to not be considered treatment related.

CONCLUSIONS

The results of these microscopic examinations indicate that

the administration of RP/BR to rats for 2.25 hours per day for

four consecutive days for four weeks at 0.75, 1.0, 1.2 or 1.3

mg/L produced mild to moderate terminal bronchiolar fibrosis.

The lesion was more severe in animals that received > 1.2 mg/L or
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in the recovery animals that received 1.0 mg/L than in those that

received lower doses. Several of the recovery animals that

received 1.0, 1.2 or 1.3 mg/L of combustion products of RP/BR had

a slight increase in inflammation of the posterior nasal

turbinates relative to the recovery control animals. Most of the

changes seen in sixteen high dose animals which died

spontaneously were related to blood in the tissues (congestion).

Four of these animals did have minimal thickening of terminal

bronchioles.

W.O. Iverson ,D.V.J.

Diplomate ACVP 4

Nl*i
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TABLE OF ABBREVIATIONS i

FOR PROJECT SUMMIARY TABLES

N - Number Examined

LIVER- Centrilob. Valluolation - LIVER- Centrilobular Vacuolation

LUNG- Terminal Bronchiolar - LUNG- Terminal Bronchiolar
Fibro. Fibrosis

MAN LN- Hemorrhage - MANDIBULAR LYMPH NODE- Hemorrhage

MAN IN- Lympho. Hyperplasla - MANDIBULAR LYM~PH NODE- Lymphocytic
Hyperplasi a
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INHALATION EXPOSURE STUDIES
IIH RP/DR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III? STUDY 79-S

Project Summary Table
SUnWARY: Incidence of NON-HNOPLASTIC Microscopic findlnqs

PROJECT ID. 0O.: 221-008 FAZES: ALL-- PAGE:-l DAYS: ALL

GROUP: 1 2 3 4 5 6 7 m-
SEX: N F H F F h F h F A F h
NIMDER OF ANIMALS: 15 0 16 0 14 0 15 0 16 0 30 0 14 0

NASAL TURBINATE - LEVELI H 15 0 16 0 14 0 15 0 16 0 19 0 13 0
Inf Imiation 1 0 7 0 0 0 1 0 7 0 0 0 7 0
Minerali:zation 1 0 0 0 2 0 1 0 0 0 0 0 0 0
Congestion 0 0 2 0 0 0 0 0 0 0 14 0 0 0
E"udate 0 0 0 0 0 0 0 0 2 0 0 0 0 0

NASAL TURBINATE - LEVEL 2 H 15 0 16 0 14 0 15 0 16 0 29 0 14 0
Helorrhaq 2 0 0 0 1 0 1 0 0 0 0 0 0 0
Exudate 0 0 0 0 0 0 0 0 0 0 0 0 1 0
Mineralization 1 0 0 0 0 0 0 0 0 0 0 0 0 0
Inflamation 1 0 2 0 0 0 0 0 9 0 0 0 6 0
Congestion 0 0 2 0 0 0 0 0 0 0 12 0 0 0

TRACHEA N 15 0 16 0 14 0 15 0 16 0 30 0 14 0
Lymphocytic Infiltrate 1 0 8 0 0 0 0 0 10 0 0 0 5 0
Autolysis 0 0 0 0 0 0 0 0 0 0 8 0 0 0
Congestion 0 0 1 0 0 0 0 0 0 0 8 0 0 0

PULHONARY LYMhPHMODE H 15 0 16 0 14 0 15 0 16 0 30 0 14 0
Reaorrhqe 3 0 4 0 2 0 7 0 8 0 18 0 4 0
Lyaphocytic Hyperpl.a;ia 8 0 15 0 13 0 10 0 15 0 12 0 13 0
lacrophae Hyperplasia 0 0 6 0 2 0 4 0 6 0 4 0 6 0

LUNG H is 0 16 0 14 0 15 0 16 0 30 0 14 0 ,k
Atelectasi$ 3 0 7 0 2 0 3 0 6 0 11 0 5 0 t16
Hemorrhage 2 0 0 0 1 0 0 0 4 0 12 0 4 0 --
Focal Lyiphoqte Aggregate 0 0 3 0 1 0 1 0 b 0 0 0 0 0
Alveolar hacrophages 4 0 4 0 1 0 2 0 2 0 3 0 0 0
Interstitial Inflaation 5 0 5 0 1 0 4 0 3 0 0 0 1 0
Terminal Pronchiolar Eibro. 0 0 0 0 14 0 15 0 16 0 18 0 14 0
Eosinophilic Infiltrate 1 0 2 0 3 0 1 0 2 0 1 0 1 0
Congestion 0 0 0 0 0 0 0 0 0 0 16 0 0 0
Osteoid 0 0 1 0 0 0 0 0 0 0 0 0 1 0
Lymphocytic Aggreg.ite 0 0 0 0 0 0 0 0 0 0 1 0 0 0
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INHALATION EXPOSURE StUDIES
WITH ap/BR CONMUSTION M~DUCIS L1:-

PROJECT NtLDESR L06139
PHASE ill, STUDY 79-S

Project Summary Tabble
SUMARY: Incidence of NON-NEOPLASTIC hictoscopic firndings

PROJECT ID. NO.: 221-008 EAIES: ALL

PAGE: 2 DAYS: ALL

GeROUP: -- 1 2 N F 6 7

NUNBER Of MINALS: 15 0 16 0 14 0 15 0 16 0 30 0 14 0S, o . o . o o ,, o %

O0THE TISSUES AND LESIONS: .

KAN LK- Lympho. Hyperplsia 0 0 0 0 1 0 0 0 1 0 0 0 1 0 -
KAN LNt- Hemorrhage 0 0 0 0 1 0 0 0 1 0 0 0 0 0 •_

URIWY BDLADDER- Normal 1 0 0 0 1 0 0 0 0 0 1 0 0 0
UHRNY BLADDER- Concretion 0 0 0 0 0 0 1 0 1 0 1 0 1 0
LIVIER- Necrosis 0 0 0 0 0 0 0 0 0 0 3 0 0 0
LIVER- Corqestion 0 0 0 0 0 0 0 0 0 0 15 0 0 0
LIVER- Centrilob. Vacuolatin 0 0 0 0 0 0 0 0 0 0 4 0 0 0
KIDNEY- Conrustion 0 0 0 0 0 0 0 0 0 0 2 0 0 0
K9IIEV- Autolysis 0 0 0 0 0 0 0 0 0 0 2 0 0 0
TESTIS-T UNlI Atrophy 1 0 2 0 1 0 0 0 0 0 3 0 0 0
TESTIS- Mirierali=;tion 0 0 1 0 0 0 0 0 0 0 2 0 0 0
TESTIS- Aspertatom.enesis 0 0 1 0 1 0 0 0 0 0 0 0 0 0 1 .TES lS-Speftitijic GRint Cells 0 0 1 0 0 0 0 0 0 0 0 0 0 0
SPEEN- Note31 0 0 0 0 0 0 0 0 0 0 1 0 0 0
SPLEN- Congestion 0 0 0 0 0 0 0 0 0 0 1 0 0 0
JEJUM- Ayutoly;is 0 0 0 0 0 0 0 0 0 0 3 0 0 0
PITUIIARY- Cogestion 0 0 0 0 0 0 0 0 0 0 1 0 0 0
COLO NAutolysis 0 0 0 0 0 0 0 0 0 0 1 0 0 0
BRAIN- ConSestion 0 0 0 0 0 0 0 0 0 0 2 0 0 0
CEC- Congstion 0 0 1 0 0 0 0 0 0 0 0 0 0 0

C.*I- Neorrhage 0 0 0 0 0 0 0 0 1 0 0 0 0 0
RECTUM mNortal 0 0 0 0 0 0 0 0 1 0 0 0 0 0SIR"I- Mortal 1 0 0 0 0 0 0 0 0 0 10 0 0 0 6',,

CECNt-Normal 0 0 1 0 0 0 0 0 0 0 1 0 0 0
TIHYKUS- Hemorrhawe 0 0 0 0 0 0 0 0 0 0 1 0 0 0
CECt- Autolysis 0 0 0 0 0 0 0 0 0 0 2 0 0 0
URIARY PLADDER- Autolysis 0 0 0 0 0 0 0 0 0 0 1 0 0 0
SIOMU- •tolysis 0 0 0 0 0 0 0 0 0 0 2 0 0 0
S•O•CH- Exfoliated Cells 1 0 0 0 0 0 0 0 0 0 0 0 0 0
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INHALATION EXPOSURE STUDIES
WITH RP/DR COMDBUSTION PRODUCTS

PR03ECT NUMBER L06139
PHASE III, STUDY 79-S

Project Summary Table
SUMMARY: Incidence of NON-NEOPLASTIC Microscopic Findings

PROJECT ID. HO.: 321-008 FATES: Terminal Sacrificetlecovery Sacrifice
PAGE: 1 DAYS: ALL ý.

GROUP: 1 2 3 4 5 6 7
SEX: N F M F N F H F F A F N F
OUNDER OF• T•ALS: 15 0 16 0 14 0 15 0 16 0 14 0 14 0 "A0

ASAL TURBINATE - LEVEL I N is 0 16 0 14 0 15 0 16 0 13 0 13 0
IntI1.30mation 1 0 7 0 0 0 1 0 7 0 0 0 7 0
Mirierali:ation 1 0 0 0 2 0 1 0 0 0 0 0 0 0
Corigestion 0 0 2 0 0 0 0 0 0 0 0 0 0 0
Exudate 0 0 0 0 0 0 0 0 2 0 0 0 0 0

NASAL TURBINATE - LEUEL 2 N 15 0 16 0 14 0 15 0 16 0 13 0 14 0
Hebmrrhage 2 0 0 0 1 0 1 0 0 0 0 0 0 0
Exudate 0 0 0 0 0 0 0 0 0 0 0 0 1 0
Mineralization 1 0 0 0 0 0 0 0 0 0 0 0 0 0

iflameltion 1 0 2 0 0 0 0 0 9 0 0 0 6 0
Conqestion 0 0 2 0 0 0 0 0 0 0 0 0 0 0

TRACHEA H 15 0 16 0 14 0 15 0 16 0 14 0 14 0
Lymphorytic Infiltrate 1 0 8 0 0 0 0 0 10 0 0 0 5 0
Congestion 0 0 1 0 0 0 0 0 0 0 0 0 0 0

PULhONARY LYHPH NODE N is 0 16 0 14 0 15 0 16 0 14 0 14 0
Hemorrhage 3 0 4 0 2 0 7 0 8 0 3 0 4 0
Lyaphocytic Hyperplasia 8 0 15 0 13 0 10 0 15 0 6 0 13 0
hicropni3e Hyperpini. 0 0 6 0 2 0 4 0 6 0 1 0 6 0

LUNG 0 15 0 16 0 14 0 15 0 16 0 14 0 14 0
AtelecLsis 3 0 7 0 2 0 3 0 6 0 3 0 5 0
IHemorrhage 2 0 0 0 1 0 0 0 4 0 1 0 4 0
Foca1 Lyumpocyte AgDreqite 0 0 3 0 1 0 1 0 5 0 0 0 0 0
Alveolar Macrophages 4 0 4 0 1 0 2 0 -- 0 0 0 0 0
Irnterstitiaul Inflammation 5 0 5 0 1 0 4 0 3 0 0 0 1 0
Terminal Dronchiohr Eibro. 0 0 0 0 14 0 15 0 16 0 14 0 14 0
Eosinophilic lnfiltr.ate 1 0 2 0 3 0 1 0 2 0 1 0 1 0
Osteoid 0 0 1 0 0 0 0 0 0 0 0 0 1 0
Lyiphocytic Aggre*lit 0 0 0 0 0 0 0 0 0 0 1 0 0 0
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INHALAT[ON EXPOSURE STUDIES
UUII RP/B2 CONBUST ION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-S

Project Summuar~y Table
SUHNIARY: Incidence of NON-NEOPLASTIC HicrOSCOpic findinqs

PROJECT ID. NO.: 221-008 FATES: terminal SacrificeRecovery Sacrifice

PAG3E: 2 DAYS: ALL

-GROUJP: 1 2 N 5 6

NUMBER or MKALS: 15 0 16 0 14 0 15 0 16 0 14 0 14 0

OTHER TISSUES AND LESIONS6

MAN N- Lympho. Hyperplasia 0 0 0 0 1 0 0 0 1 0 0 0 1 0
HAN LN Hemorrhage 0 0 0 0 1 0 0 0 1 0 0 0 0 0
URINARY BLADD!ER-Normal 1 0 0 0 1 0 0 0 0 0 1 0 0 0
URINARY BLADDER- Corncretioni 0 0 0 0 0 0 1 0 1 0 1 0 1 0
TESTIS- TubuslarAtrophy 1 0 2 0 1 0 0 0 0 0 3 0 0 0
TESTIS-hirrnaliz:3tion 0 0 1 0 0 0 0 0 0 0 2 0 0 0
TESTIS- Aspereltogenesis 0 0 1 0 1 0 0 0 0 0 0 0 0 0
TEST IS-Spermatidic Giant Cells 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1
CECUN- Congestion 0 0 1 0 0 0 0 0 0 0 0 0 0 0
CECUN- Hemortrhe 0 0 0 0 0 0 0 0 1 0 0 0 0 0 "
RECTUN- Normal 0 0 0 0 0 0 0 0 1 0 0 0 0 0
STOMACH- Mortal 1 0 0 0 0 0 0 0 0 0 0 0 0 0
CECUN- Normal 0 0 1 0 0 0 0 0 0 0 0 0 0 0
STOMiACH-Enfoli.3ted Cells 1 0 0 0 0 0 0 0 0 0 0 0 0 0
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UHALATION EXPOURE STUDiES
WITH kP/Ip CONSUSTION rRODUCTS

PROJECT NWIJBER L06139
PHASE II1, STUDY 79-S-

Project Summary Table
- SUMMARY: Itiden-e of NOM4EOPI.ASTIC hicroscopic Firdings

PROJECT ID. NO.: 221-008 fATES: Spontaneous Death
PAGE: 1 DAYS: ALL

GROUP: 1 2 3 4 5 6 7 R
SEX: H F h F h f H F N F N F k7-
NUMBER OF ANIKLS: 0 0 0 0 0 0 0 0 0 0 16 0 0 0

NASAL TUR1ATE -LEVEL I NO 0 0 0 0 0 0 0 0 0 16 0 0 0 '

Congestion 0 0 0 0 0 0 0 0 0 0 14 0 0 0

NASAL TURBINATE - LEVEL 2 H 0 0 0 0 0 0 0 0 0 0 16 0 0 0
Congestion 0 0 0 0 0 0 0 0 0 0 12 0 0 0

TRACHEA N 0 0 0 0 0 0 0 0 0 0 16 0 0 0
Autolysis 0 0 0 0 0 0 0 0 0 0 8 0 0 0
Congestion 0 0 0 0 0 0 0 0 0 0 8 0 0 0"I

PULMONAR LYMPH NODE N0 0 0 0 0 0 0 0 0 0 16 0 0 0
Huborrhi3e 0 0 0 0 0 0 0 0 0 0 15 0 0 0
Lymphocytic Hyperpl~aia 0 0 0 0 0 0 0 0 0 0 6 0 0 0 ,
"wicrophal e Hyperplasia 0 0 0 0 0 0 0 0 0 0 3 0 0 0

LUNG N0 0 0 0 0 0 0 0 0 0 16 0 0 0
Atelectasis 0 0 0 0 0 0 0 0 0 0 8 0 0 0
Hemorrhage 0 0 0 0 0 0 0 0 0 0 11 0 0 0
Alveolar Nacrophages 0 0 0 0 0 0 0 0 0 0 3 0 0 0
Terminal Dronchiolar fibro. 0 0 0 0 0 0 0 0 0 0 4 0 0 0
Congestion 0 0 0 0 0 0 0 0 0 0 16 0 0 0
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INHALATION EXPOSURE STUDIES
WITH RP/IR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE IIIp STUDY 79-5

Project Summary Table
SUMARY: Incidence of NON-NEOPLASTIC Microscopic Findirms

PROJECT ID. 006: 221-008 FATES: Spontaneous Death
PAW.: 26 DAYS: ALL '

GROUP: 1 2 3 4 5 6 7
SEX: M F H F F E N F N F h F h F

p .'.
7

BER OEOF ANIMALS: 0 0 0 0 0 0 0 0 0 0 16 0 0 0

OTHER TISSUES AND LESIONS:

LIVER- Necrosis 0 0 0 0 0 0 0 0 0 0 3 0 0 0
LIVUE- Congestion 0 0 0 0 0 0 0 0 0 0 15 0 0 0
LIVER- Centrilob. Vacuolation 0 0 0 0 0 0 0 0 0 0 4 0 0 0
KIDNEY- Congestion 0 0 0 0 0 0 0 0 0 0 2 0 0 0
KIDNEY- Autolysis 0 0 0 0 0 0 0 0 0 0 2 0 0 0
SPLEEN- Nortil 0 0 0 0 0 0 0 0 0 0 1 0 0 0
SPLEEN- Congestion 0 0 0 0 0 0 0 0 0 0 1 0 0 0
JEJUNN- Autolysis 0 0 0 0 0 0 0 0 0 0 3 0 0 0
PITUIrARY- Canestion 0 0 0 0 0 0 0 0 0 0 1 0 0 0
COLON- Autolysis 0 0 0 0 0 0 0 0 0 0 1 0 0 0 -
BRAIN- Conestion 0 0 0 0 0 0 0 0 0 0 2 0 0 0
STOMAH- Noroal 0 0 0 0 0 0 0 0 0 0 10 0 0 0
CECUN- Normal 0 0 0 0 0 0 0 0 0 0 1 0 0 0
THY•S- Hmorrhage 0 0 0 0 0 0 0 0 0 0 1 0 0 0
CECUH- Autolvsis 0 0 0 0 0 0 0 0 0 0 2 0 0 0
URINARY BLADDER- Autolysis 0 0 0 0 0 0 0 0 0 0 1 0 0 0
STOh•H- Autolysis 0 0 0 0 0 0 0 0 0 0 2 0 0 0

3 36-
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TABLE OF AtDOREVIATIONS
FOR TABULATED AN 114AL D)ATA TA11115

* TIsoyo tic:4 Aviillhloo

1 14 Mn I maI

4 fidrkod

LIVER- Centrilob. Vliujolation - VIEA.- Cantr11tOWIJAi V*Ao101Lloft

LUNG- Torminal flronchlolhr - LUNG., Tqirmliioi DromhioJor
Fibro. FlibP'of, I

MAN 1,14 Hiriomrriwijo MAND IIJIJIAR LYMP11 ?l4)DLo- li4f;~ii'-,04

N4
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I ~11HALA110); BXI'uVE STUDIES
Ii '~Y1H RP/V. COMI'USTO PR.ODUCTS

P!b.'JECT NIUMBER 1.06139
EWAE 111, SMI'Y 79-S

CONCENTRAT ION -- co

fOfCI J61 23.1-00 rON:i I PATES: Terminal Sacr'if ice

SEX: NALE DAYS: ALL

WAALUINCLYL N N N H H N H

phiL 1*11i - LEME 2 M H N N N N N N N

I ~ !rAN N H N N N N N N N

HI 11 N 4"

At'11011 "M~ophioi - -l 2 1 - - 1

T".

338



INHALATION EXPOSURE STUDIES
WITH RP!BR CONF.USTION PRODUCTS

PROJECi NUMBER L06139
PHASE III. STUDY 79-S

CONCENTRATION -- Co

Tabulated Animal Data

S-PkJOECV 10: 221-008 -GROUP: 1 - FATES: Termirnl Sacrifice -

PAGE I SEX: MALE DAYS: ALL

A;NIMAL ID. 140: 368 369 370 371 372 ___

NASAL IU•BIATE - LEVEL I N N N iH

int I.-ation 2 . . .

NASAL TUIBINATE - LEVEL 2 N N N
Heorrhawe 3 1

S TRACHEA N N 1 1

Lymphocytic Infiltrate " -

PULMIONARY LYNPH NDE
Hesorrho.e 2 3 - - -

Lysphocvtic Hyperplsii 2 - 1 1

LUNG N 1
Atelectasis . . . .

Hesorrha.e - l
Interstitiil Inflma.utlor, - 1 -

Eosinophilic Infiltrate -I,
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NUM,; .

INHALATION EXPOSURE STUDIES
WITH kP/BR COMBUSTION PRODUCTS

PROJECT 1.UHB-ER L06139
PHASE III. STUDY 79-5 Fi-

CONCENTRATION -- CO

Tabulated Animnal Data

PROJECT ID: 221-009 GROUP: 1 FATES: Terminal Sacrifice
PAGE 2 SEX: HALE DAYS: ALL

ANIMAL ID. NO: 368 369 370 371 372

OTHER TISSUES AND LESIONS:

URINARY BLADDER- Normal P, - - -

TESTIS- Tubuler Atrophy - - - 3 -

STOMtCH- Pormal - - P - -

STOMACH- Ex~foliated Cells I - ,, -

~.7
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INHALATION EXPOSURE STUDIES I
WITH RP/BR CUBUSTION PRODUCTS

PRO3ECT NUMBER L06139
PHASE Il1. STUDY 79-S

CONCENTRATION -- Co

Tabulated Animal Data

PROJECT ID: 221-008 GROUP: 2 FATES: .ecovery S.acrifce
PAGE I SEX: MALE DAYS: ALL

ANI IAL Ii.. 140: 35 418 419 420 421 422 423 424 425 426

NASAL IURBINATE - LEVEL 1 N H N N H
Inrdhamation 2 - 1 - - -

Cor, eitiori - 1 - . .. .

i(ASAL TURBINArt - LEVEL 2 H " N H i l 0 N
Irf hmmtion .-. ..
Con..estiori - 1 1 . .. .

TRACHEA N NH N
Lymphocytic Infiltrate 2 2 2 - 2 2 -

Conwestoon - - - 1 - - -

FULMONAiX LYMPH NODE
Hemorrhmqe - - - - 1 - 3 2
Lympnocytic flyperph.sia 1 2 3 2 2 1 1 - 2 3
h.acropha.3e Hyperphasi. 1 . . . . 1 - - 1

LUNG N H N
Ateiecti•is - - 2 1 1 1
Eoc.al L-mwnocyte Aqqreqate 1 1 .. . . 2
Alveohi M.acroph3.•e5 - - - I - - - 1
Iroter.ttii auln i or, - - I - 1 - -- 2
Oteoid - - -13
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INHALATIO$ EXPOSURE STUDIES
WITH RP/BS CONBUSTION PRODUCTS

PROJECT NUMeER L06139
PHASE III, STUDY 79-5S

CONCENTRATION -- CO

atbulated Anim.31 D.aita

P1OiECI ID: 221-008 MOUOP: E SATES: Recovery Sacrifice
PAUI SEX: MALE DAYS: ALL V.

MINAL ID. NO: 85 410 419 Q20 421 4"a 423 424 425 426

OTHER TISSUES AND LESIONS: 3

TESTIS- Tubular Atrophy - 4 - - - "-.
TES!IS- Hineralihition - 1 - - -

TESTIS- Asoersatowertesis- - p - - - - - -

CECUN- Coiqestion - - -

392 0 J.,,
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INHALATION EXPOSURE STUDIES II
WITH RP18R COHMUSTION PRODUCTS

PROJECT HUNiER L06139
FHASE I11. STUDY 79-S
CONCENTRATION -- CO

Tabulated Animal Data

PROJECT ID: 221-008 GROUP: 2 FATES: Recovery Sacrifice

PAGE 1 SEX: MALE DAIS: ALL

ANIMAL ID. NO: 427 428 429 430 431 432

NASAL TURSIHATE - LEVEL I N if
In m I *iation - 2 1 1

i!ASAL TURDIWAIE - LEVEL 2 1 0 N N H
Infl ihU3~1ori- - --

TRACHEA H a U L
Lyspnocytic Infiltrate

FULPONARf LYhPH NODE
Hemorrhme - - I - - -

Lymphocytic Hyperplas1 3 a I I I
hlzcropnage Hyperplisia - - - 1

LUNG N,
Atelectasis 2 - - - 1 1
Alveohr h3croph•i eA,
Interstitial Inflhumotion - 2 3 - - -

Eosinophilic Infiltrate - - I - - 1
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INHALATION EXPOSURE STUDIES
1ITH RP/BR CONN)STION PRODUCTS

PROJECT NUHBER L06139
PHASE III? STUDY 79-S

CONCENThATION -- Co

T-abu•ated Anima.l D.•ta

P1OJECT 10: 221-008 GROUP: 2 FATES: Pecovery Sariticei
PAIE 2 SEX: HALE DAYS: ALL

ANIMAL I1, 140: 427 428 429 430 431 432

OTHER TISSUES 4.'D LESIOiH.,:

TESTIS- Tubular Atrophy - L .-

TESTIS-Spermatidic riant Cells - - 1 -

CECUit- rNormil- P -

N I

I..
, 
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INHALATION EXPOSURE STUDIES
WITH RP/AR COMBUSTION PRODUCTS

PROJECT NIUMBER L06139
PHASE III. STUDY 79-S

CONCENTRATION - Cl

Tabulated Animal Data

PkOJECT ID: 221-008 GROUP: 3 FATES: Terminal Sacrifice

-PAGE- SI EX: OALE DAYS: ALL

ANIMAL IP. NO: 373 374 375 377 378 379 380 281 332 ,3

NASAL TUIMINATE - LEVEL I N N N N N N N N
irer ali:ation - - -

i4ASAL TURDINAIC LEVEL 2 R H p d N 0 0 11
Hemorrn3,e . .. .

TRACHEA N 1; A R N N1 H a N R

PULAONART LihHE NODE 11
Ilemorrhaqe . . . . . . . . .- 1
Lysphocytic HVpero~sia - I 1 1 1 1 I I 1 I
hu~rophap9 Hyperplasia I

LUNG
Hemorrh•ae ! . . .. ..
Alveolar MacriJpn3es - 1 . .. ..
Interstitizi Inflammation - 1 . .. . . . .
terminal Broncniolar Fibro. 2 2 2 2 2 2 2 2 2 2
Eosirophilic Infiltrate . 1 -

.•1
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INHALATION EXPOSURE STUDIES
WITH RPMiR COMI4USTION PRODUCTS

PROJECT N•UER L06139
PHASE 111, STUDY 79-S

CONCENTRATION -- Cl ,

Tabulated Animal Data

PROJECT ID: .11-008 GtOUP: 3 PATES: Termirc11 Sicrifice
PAGE 2 SEX: HALE DAIS: ALL

ANIMAL ID. dO: L73 374 3 75 377 378 379 330 231 •3G 333

OTHER TISSUE, AND LESIONS:

URINARY BLAMDER- Normtal - P - - -

TESTIS- 1•iblar Atropay ... . 3 - -

TESTIS- Aspermitogeniesis - - - - -p -

346!
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IiWHALATION EXPOSURE STUDIES
WITH PP/BR COMPUSTION PRODUCTS

PROJECT NUHBER L06139
PHASE IIl, STUDY 79-S

CONCENTRATION -- Cl

Tabulated Animal Data

PROJECT ID: 221-008 GROUP: 3 FATES: Terminal Sacrifice
PAGE 1 SEX: MALE DAYS: ALL

ANIHAL ID. NO: 384 305 386 387

NASAL TURBINATE - LEVEL 1 H N N

NASAL TURBINATE - LEVEL N N N N

TRACHEA N a N

PULKINAkY LWnPH WODE
Iiemorrni• 1

Lympnocytic flyperplisia 1 1 1 1
h3cropn3ws Hyperplis - - - 1

LuWG
Atelectasis - 2 l
Eocal Lyaphocyte Akre',ite - - 1
Terminal Bronchiolir Eibro. 2 2 2
Easinophilic Infiltrate 1 3 -

,
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INH~ALATION EXPOSURE STUDIES * .WITH Rp/i'R CONBUSTION I•RODUCTS
PROJECT NUMBER L06139
PHASE I11, STUDY 79-S

CONCENTRATION -- Cl

Tabulated Animal Data

PROiJECT ID: 22.1-08 GROUP: 3 FATEO; loetanal Sacrifice
P'AGE 2. SEX: MALE DAYS: ALL

MeIAL 0. QO: 384 365 IG6 387

OTHER TISSUES AND LESIONS: g

KAN LH- L-woono. Hvperplasia
HAN LN- Hesorrhige -

% ,

I.-
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INHALATION EXPOSURE STUDIES
WITH1 RP/pR COMBUSTION PRODUCTS

PHASE III. STUDY 79-S

CONCENTRATION -- C2

Tabulated Animal Data

PROJECT ID: 221-008 GROUP: 4 FATES. Terminil $acrifice
PAGE 1 SEX: MALE DAYS: ALL

ANIMAL ID. 11O: 3C3 359 390 391 392 393 394 395 396 397

NASAL IURDINATE - LEVEL I N H N N N N N N N1
IrefIumation .I - - -

OASAL IURDINATE - LEVEL N 0 N N N 1 RZ.
Hemorrhage .

TRACHEA N N 0 N N N 4 N N N

PULdONARY LYMPH NODE N
Hemorrhaqe 1 " - 3 2 - 3 - 2
Lysphocytic Hyperplasia I I
hicrophage Hyperplaiia I 1 - - - 1 -

LUNG
Atelectasis - - - 2 - -

Focal Lymonocyte Agreqite . . .. - - -
Alveolar Macrophaq;e- .. . .. - 1
Interstitial Inflammation 1 - - 1 1 1 -

Terminal Bronchiolar Fibro. 3 2 2 3 2 2 2 3
Eosinoonilic Infiltrate . ..- - --
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INHALATION EXPOSURE STUDIES
WITH RP/Bk COMBUST ION4 PRODIU'CTS

PROJECT NUMBER L06139
PHASE III. STUDY 79-S

CONCENTRATION -- C2

Tabulated Animal Data

PIO3ECT ID1: 221-008 GiOUP: 4 FATES: Termina.l Sitritice
PAGE 1 SEX: MALE DAYS: ALL

ANIMAL 1D. NO: 31A 399 400 401 402 I.
NASAL TURBINATE - LEVEL I N N N 11

hineriintion - - I - -

r!ASAL TUkDIRlATE - LVEL 2 N tl N N N

TRACHEA N N N N N

PULMONAR.Y LYMPH NODS
Hemorrh •ge " - 1 -
Lyschocytic Hyperplasi 1 1 1 2 -

Macrophame Hypetplimi - -..

LUN6
Atelectisis 1 - -I
Terminai Bronchiolr Fibro. 2 2 - -

0 Flo
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INHALATION MXi'OMklt MOUVIM;
WITH RP/Mk COHMBUSION PRO('UCT9

PROJECT NUHEk L06139
PHASE lilt S1U0Y 79-S

CONCEN TRATION -- C2

T.abulated Arnimnval Pa.t.*b

PROJECT ID: 2121-008 GROUP: 4 P flTE; ?umh•o! $crltice
PAAGE , SEX: AAL. DAYS: ALL

ANIHAL IDI. 11O: -490 ;99 400 401 402.1

OTHER TISSUES AND LESIONS:.

URINARY BLADDER- Concretion p

of• I

3514
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I1I1ALATION EXPOSURE STUDIES
WITH RP/RB COhMUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE Ill. STUDY" 79-S

CONCEtJTRATIMH - C2

Tabulated Animal Data

PROJECT 1b 221-008 GROUP: 5 FAXES: Recovery Sacrifice
,1o, J, SEX: KALE DAYS: ALL

ANMA•L ID . O: 106 433 434 435 436 437 433 439 440 441

NA1UAL TUPR'IATE - LEVEL 1 N N H N N N
Ipd~umt~o - 3 3 - - - 2 - 2

- 1 .. ..- - '

14ASAL TUNHIUJATM LEVEL 2 M N N
1ref l~ttor - - 1 1 - - 1 1 2

ThACHCA 1 N N
L, phocytic Inrfultrate - 1 4 1..

MULfl0M•1 ,IPH 4ODE
JIemosrrihe - - - 1 - 1 ,
Lyephocytic Hyperpli•n 2 2 . 2 - 2 2 1
Nt~crop',•9e Hyperp1l5s.3 .. .. - 2 1 -

LUNG
Atelectasis 2 - - - 1 - - 2 -

llemorrhiqe . .. . 1 - - 1
ionl Lymphocyte A99repate - - 1 1 - - 1 -
Alveolhr Macrophages 2 . .. . 3 -

Interstitial Inflammation - 2 . . . . . . 2 -
Terminal Bronchiolnr Fibro. 3 3 3 3 2 3 3 3 3 3

3'5
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE Ill. STUDY 79-S

CONCENTRATION -- C2

Tabulated Animal D ata X

PROIECT ID: 221-008 GROUP: S FATES: Recovery Sierifice

PAGE 2 SEX: K!ALE DAYS: ALL

ANI•tAL ID. ;•0: 106 433 434 435 436 437 438 439 440 441

OTHER•TISSUES AND LESIONS:

MAN LN- L'ipho. Hyperplhsia 4.
hAN LN- HeIaorrh e I . ..
URINARY DLBLADER- Concretion - - - P - -

I3
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INHALATION EXPOSURE STUDIES S
wIw RP/BR COmBUSTION PRoUlCTs

PROJECT NUMBER L06139
PHASE 111. STUDY 719-S --

CONCENTRATION -- C2

Tabu-l-ted Animral Data

PROJECT ID: 221-008 GkOUP: 5 FATES: Recovery Sacrifice
PAGE I1 SEX: WAE DAYS: ALL

ANIMAL I0. NO: 442 443 444 445 446 447

- NASAL - URIBINATE - LEVEL I N- N N
Inflamaation - I 1 I

NASAL 1URBINATE - LEVEL 2 N N
Infhmmation I - I 1 2

TRACHEA N N
Lymphocytic Infiltrate 1 1 1-- 1

PULMNAJY LIAPH NOIE
Heuorrha'e 1 - - 3 - 1. :v

Laphocytic Hyperpl;•i•a 2 2 2 3 2
Nacroph.-e HyperDph~i.u 1 1 - 1 -

LUNGj
Atelectasi 3 - 1 - I
fiemorrhaqe - - I - I
Focal Lvymnocyte Aqqreqate I - 1
Interstitial Inflrm' tion - - -

Termsinal Ironchiolar Fibro. 2 3 3 3 2 2
Easinophilic Infiltrate - - - "-

354..35N.4

N -~'N~%.N$%--.°



INHALATION EXPOSURE STUDIES
WITH RP/IBR COMBUSTIION PRODUCTS

PROJECT RUNDER L06139
PHASE II. STUDY 79-5
CONCENTRATION -- C2

Tabulated Animal Dat.a .

PRO3ECT ID: 221-008 GROUP: 5 FATES: Recovery Sacrifice N
PAGE 2 SEX: MALE DAYS: ALL

ANIhAL ID. NO: 442 443 444 445 446 447

OTHER TISSUES AND LESIO.S:

CECUM- Hemorrhqe - - - -
RECTLUn- Norm.ail - - P - ,

LA

355 .,14
r3-
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IIIHALATIC14 EXPOSURE STUDIES
WITH P.P/BR COM4ST ION Piolluc1s

PkOJECT PUtBER L.06139
PH4SE III. STUDY 779-S

CONICENTRATION -- C3

-Tabul-ated-Ani-mal -Data-

PROJECT ID: 21 -O0Q0 GROUP: 6 FATES: Tersinil Swcrifuce
PAGJE I SEX: NALE DAIS: ALL

-016nAL-MID. -O:4O43bc .'05abC- 406- 406-.-C 409ibe 41-)abC ill!ECc 4123atC 4131k-c4143t.c

NASAL TU INATIE -LEVEL 1 A4 H di 0 0 A 11 0 a

i'AA TtARIiJAM LLV~EL2 4 1 a4 0 N R N4 11 V. 0

TRACHEA Y 04 , 4 1 1*4 0. 10 1 0

MbJOO3ARY LIIH ODE N 1 4 1 4 1
Hemorrhm~
Lyapnocytic Hyperol~~. - 1 1 1 -

iNicroohine Mvper~1~i - - - - - - .V

LWIL

Atelecthgix - 2 - -

flemorthme- - - -

Terminaul Brorichiolur Fibro. .3 3 3 3 3 -3 2 .3 3 3
Earninophilic Infiltrute - - 1 - - - - - -

Lyvopnocytic A'yjeqit~e- - - 1 - - - - - -
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IrJHALAr ION E;XPOSURE STUD LES
WITH RP/I'R CONBUSTION PRODUCTS

PROJECT HUNBER L06139
PHASE 111. STUDY 71-5

Taibulatedj Animal Dat

- -- __ O3!CT D: -2.21-008~- PrPO! ATES:- Terainil Sacrffice --

;EX: OALE OATS: ALL

AN AtIiAL IDI. 00: 404sbc 4053be: 406 4);b 0a-41icilr 1.a 413abc l414bc

OTHER TISSUES AND' LESI100S:

URINJARY BLADDER- r0oris.31 - - - - - P -

URINARY BLADDER- Concretiori - P -- - - - - -

TESTIS- 1ubihir Atroonv - 2 - 1 - - --

TESTIS3- mlinerali:.itiors - - - - - -
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INHALATION EXPOSURE STUDIES
WITH RP/sR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-S

CONCENT1R4TION -- C3

Tabulated Animal Diata

P.a3LC! It: 71- 008 rGROUP: 6 FATES: Tetairol Sacrifice
PAGE I SEX: MALE DAYS: ALL

AWIAL ID. QO: 416abc 462c 469c 470c

NASAL U0,LIATE - LEVEL I N N N N

!~SLTURD IATE LEDEL 2 N N N N

TRACHEA N N N N

PULMONARY LYMPH NODE N
Lyaphocytic Hyperpl3sia - 1 1 1

LUNG
Atelectisis 2 - 2
Terminal Bronchiolir Eibro. 3 4 3 3
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PRO3ECT NUMBER L06139
PHASE II. STUDY 79-S

CONCENTRATION -- C3

"Tabulated Animal Data

PROJECT ID: 221-000 GROUP. 4 FATES: SDontaneous Death
PAGE 1 5EX: MALE DAYS: ALL .

ANIMAL ID. QO: 73b 141bd "02ab 190al 303ab 345ib' 349abd •56b 403ab 407.bd 1.

NASAL TURBINATE - LEVEL I N
Cornrgestion I- I 1 1

A

NASAL TURBINAZE - LEVEL 2 N N N ilk
Conqestion - - - 1 1 K

TRACHEA N N N N N
Autolysis - 1 2 - - 3 - - -
Congestion - 1 1 1 - - - 1

PULMONARY LINPH NODE N
Hesorrh~ipe 1 2 2 3 1 1 2 1 2
Lymphocytic Hyperplasi. 2 - - , - - 1 2 1 -

hacroch.e Hyperpl.ivi . - - -

LUNG
Atelect-isis 2 - - - 1 1 - 1 3

Ieorae- 1 3 1 1 1 1 1 2 2
Alveol3r 'Aacropih3es . - - - - 1
leroinal Dronchioiar ribro. - 1 - - - I 1 - -

Conqestor. 2 2. 4 3 3 4 2 2 . 4
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INHALATION EXPOSURE STUDIES
WITH RP/Bk COMBUSTION 'RODUCTS

PROJECT NUMBEA L06139
PHASE I11. STUDY 79-S Iew.

CONCENTRATION -- C3

Tabulated Anim al t- at

PROJECT ID: 221-008 GROUP: 6 FATES: Spontaneous Death
PAGE 2 SEX: rALE DAYS: ALL

AINIIAL I1. NO. 73b 14lbd 202ab 2•98ab 303ab 345abd 34".ubd 356b 403ab 407abd

-OTHER TISSUES AND LESIONS:

LIVER- Necrosls . . .. 1 - - ,
LIYEk- Congeition 2 2 1 1 22 1 1
LIYVk- Centrilob. Vacuolation 1 - 2 1 . - -

K'IDNEY- Conestion - - - - 3 . . . .-
9I1[s01Y- Atolysis - - - 2- . . .
SPLEEN- dIomla F

JEJU•MU- Autolyszs - - - - - - ,
COLOR- Autolysis 2 .- .. . .
DARAIN- Comnestion .. . .- - - - -

STCMCH- Noraa1 P P p P - P p
CECUN- Autolvsis - - - -

36.
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INHALATION EXPOSUkE STUDIES
WITH RP/pR COMBUS!ION PRODUCTS

PROJECT NUM4BER L06139 ,f•

PHASE III. STUDY 79-S
CONCENtI41ION -- C3

Tabulated Animal Data

PROJECT ID: 221-008 GROUP: 6 FATES: Soontaneous Death
PAGE 1 SEX: MALE DAYS: ALL

ANIMAL ID'. 0O: 415ab 417ab 454ab 455a 458abd 4G7c

NASAL TURBINATE - LEVEL I N
Conqestion I I -I 1

NASAL rURDINATE - LEVEL 2 NC~orestin o1 -

TRACHEA N
Autolysis 1 2 1 3 3
Conqeston 1 2 1 - 2

PULMONARY LYMPH NODE
Hesorrhig 3 2 1 1 1 3
Lyaphocytic Hyperpl.sii - - - 1 - -

Macrophage Hyperplasia 2 1 - - -

LUNG
Atelectaiis - 2 2 - 2
Hemorrh.aqe - 2 - 2 JA

Tet mr.•l Brorichiolur Eibro. - -- - 2
Corqestion 4 4 4 3 4 3

**. %,, ,,
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IN•ALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION rkODUCiS

PROJECT NUhOER L06139
PHASE Ill. STUDY 79-S

CONCENTRATION -- C3

Tabulated Animal D.ata

PROJECT ID: 421-008 GROUP: 6 IATES: Spontaneous Death
PASE 2 SEx: WALE DAYS: ALL

ANIMAL lb. NO: 4154b 41"ab 454ab 455a 4S8abd 467c

OTHER -T ISSUES AND LES IONS:

LIVER- Necroasis- - 3 3
LIVER-Cnsto 2 - 1 1 2 2

LIVER- Cei..rilob. Vacuolation - 1 - - -

KIDNEY- Congustion -. . . 3
KIDNEY- Autolysis -.. . 2
SPLEEN- Coqestion - - - L - -

]E]UthLft- Autolysis - - 4 - -

PITUITARY- Congestion - - - 3 - -

BRAIN- Congestion . . . . . 2'
STCACH- Normal p p p p - -

CECUN- Norma1 P . .. - -
TH US- HNmorrh.qe - 1 - - -

CECUIN- Aktolysis - 1 - - -

URINAR• BLADDER- Autolysis - " - 3 -

SIOA•CH- Autolysis . . . .- 3'

362. %
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INHALATION EXPOSURE STUDIES
WITH RP/AR COhEUSTION PkODUCTS

PROJECT NUNLE L06139
PHASE I1. STUDY 79-S

CONCE0RA4TION -- C3

Tabulated Animal D.ata

FPOJECT ID: '221-008 GROUP: 7 FATES: lecovery Sacrifice

? ?AGE I SEX: MALE DAYS: ALL

ANIMAL ID. NO: 448apc 44%bc 450ibc 4SIabc 452abc 453abc 456abc 457abc 459abc 460abc

NASAL TURBINATE - LEVEL I U N N N 0
2rhato v

NASAL 1URBINATC - LEVEL 2. N N N 14 N

TRACHEA N N N N N N
Lymphocytic lifiltrite 1. . . 1 -

PULMONARY LYMPH NODE
Nesorht. - i - - - -I

SLymphocytic Hyperplisia 3 3 3 2 2 1 2 - 2 1
h.croph.3e Hyperplasi. 2 1 . 1 1 -

LUNG
Atolectust - 1 . . . . . 2 -

(. Hemourhage - 1 - - - l - l 1
Interstital Inflemmition - - - l . . . . . .
Tersir,il Oronchiol.ar Fibro. 3 3 3 3 3 3 3 3 4 3
Osteovj - P - - -
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I ,MLATION CXPOSURE STUD IES
41TH WEI~ COMBUSTION rROIUCTS

PR0JECT NUMB•ER L06139
PHASE 111t STUDY 79-S

CONCENTRATION -- C3

Tabulated Animal Date

PROJECT ID: .21-00Mop GLU: E rAIES: lecovery Slcrih•e
PAGE 2 SEX: MlALE DAYS: ALL

ANIhA I1D. NO: 446abc 449abc 450abc 451abc 4523bc 453abe 456atc 457ibc 4590bc 460a.bc

0TH0 TISSVES AND LESION$:

1WAN LN- Lspho , Hyperp3-sia 3 -

UAINA ckY BLADDER- Co ncretion p ,.

Ji.%

S* *
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INHALATION EXPOSURE STUDIES
WITH RIP/BR COHKUSTION PRODUCTS

* PROJECT NUMBER L06139 b
PHASE III. STUDY 79-5

CONCENTRATION -- C3

Tabulated Arinimal Da'.ta3

PROJECT ID: 221-008 GROUP: 7 FATES: Recovery Sacrifice
PAGE 1 SEX: HALE DAYS: ALL

ANIHAL ID. NO; 461abc 462abc 463bc 47ic

NASAL TURBINATE - LEVEL 1 0 1_
Irf1smmation - 2 -

NASAL !UkBINATE - LEVEL 2 N N i,
E;.udite IL - -

TRACHEA INN N
Lymphocytic Irnfiltrate - 1

PULAONARY LYMPH NODE
Hemoirhmqe - I -

Lymphocytic Hyperplasia 2 2 2 1
hacrophage Hyperplasia 1 1 - i''7"*

LUNG
Atulectasis 2 - 2
rerminal rornchialar Eibro. 3 3 3 3
Eosir'ophilic lr.fiItr.ite 2 - - -

'5-

All

7~

365

A1
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-S

CONCENTRATION -- CO

Corrlationri of Gros atnid Micro 4x

PROJECT ID: 221-008 GROUP: 1 FATES: Terminal Sacrifice
PAGE 1 SEX: MALE DAYS: ALL

ANIMAL ID. NO: 358 PATHOLOGIST: NOI
ANIMAL FATE: Terminal Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL ID. NO: 359 PATHOLOGIST: WOI
ANIMAL FATE: Terminal Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL ID. NO: 360 PATHOLOGIST: OI.
ANIMAL FATE: Terminal Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

,•NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

3, 6

366 •..



INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-S
CONCENTRATION - - CO

o=> ira 3.c-&tý -L c r- (nr C~rc~mo a~ml M 4--v (

PROJECT ID: 221-008 GROUP: 1 FATES: Terminal Sacrifice
PAGE 2 SEX: MALE DAYS: ALL

ANIMAL ID. NO: 361 PATHOLOGIST: HOI
AN IMAL FATE: Terminal Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL ID. NO: 362 PATHOLOGIST: NOI

ANIMAL FATE: Terminal Sacrifice

REFERENCE TO NECROPSY RECCORD: RELATED HISTOPA7I'LIQLGjGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE 4

ANIMAL ID. NO: 363 PATHOLOGIST: WOI
* ANIMAL FATE: Terminal Sacrifice

ON

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)NO, OBSERVABLE ABNORMALITIES. NOT APPLICABLE

io p ;--No



INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139 4 F->

PHASE III, STUDY 79-S
CONCENTRATION - - CO

Correla~tiion of Gr-oss an-d. Micr-o

PROJECT ID: 221-008 GROUP: 1 FATES: Terminal Sacrifice
PAGE 3 SEX: MALE -DAYS: ALL

ANIMAL ID. NO: 364 PATHOLOGIST: N01I
ANIMAL FATE: Terminal Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
•*

ANIMAL ID. NO: 365 PATHOLOGIST: N0I (6,
ANIMAL FATE: Terminal Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL ID. NO: 366 PATHOLOGIST: 01-..ANIMAL FATE: Terminal Sacrifice :.-..,

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY,:' '

>NO OBSERVABLE ABNORMAL ITIES. NOT APPLICABLE .

I' *1•
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-S

CONCENTRATION -- CO

PROJECT ID: 221-008 GROUP: 1 FATES: Terminal Sacrifice
-PAGE 4 SEX: MALE DAYS: ALL

ANIMAL ID. NO: 367 PATHOLOGIST: WOI
ANIMAL FATE: Terminal Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL ID. NO: 368 PATHOLOGIST: WOI .
ANIMAL FATE: Terminal Sacrifice --.

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY;

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

0:.. .o.) .•
ANIMAL ID. NO: 369 PATHOLOGIST: WO-
ANIMAL FATE: Terminal Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HIST01 -THOLOGY:

>URINARY BLADDER: Contains Calculi NO COROLLARIY DETECTED

I%

5.-,.

'I ~~369 •'•
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-S

CONCENTRATION -- CO V..

Ccorrelaxtion1 of Gross arnd Micro "

PROJECT ID: 221-008 GROUP: 1 FATES: Terminal Sacrifice
PAGE 5 SEX: MALE DAYS: ALL

ANIMAL ID. NO: 370 PATHOLOGIST: NOI
ANIMAL FATE: Terminal Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>LUNG: Several White Depressed NO COROLLARY CHANGE DETECTED
Areas on All Lobes
>STOMACH: Void of Ingesta NO COROLLARY CHANGE DETECTED c..

ANIMAL ID. NO: 371 PATHOLOGISTs NOI 4-111
ANIMAL FATE: Terminal Sacrifice ,

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLG0Ys

>STOMACH: Bloated and Gas Filled STOMhCWi,0 Exfoliated Cells
>R. TESTIS: Small 1.0 X 0.8 cm x TESTIS- Tubular Atrophy
0.4 cm

ANIMAL ID. NO3 372 PATIHOLOGIMT, WO1
ANIMAL, FAP'ATE Terminal Sacrifice

RJWPE(•IECE TO NECROPSY RECORlD ) RELATD HIMOPAATHOLOGMe

)NO OSEIWADU, Ai30-1CR0AITI'2.!, NOT APPLICAdLE..

'../;,-

U ,.

* .S-.•



INHALATION EXCPOSURE STUDIES Ki.". A 4
WITH RP /BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-S 1L

CONCENTRATION -- CO

or, r t XaLt--:Lio m c>:E Grx n x-c>a a m MicL<=roIL0

-PROJECT-ID:-- 221-008- --GROUP: 2--- FATES:-Recovery Sacrifice -

PAGE 1 SEX: MALE DAYS-s ALL

ANIMAL ID. NO: 85 PATHOLOGIST: WOI
ANIMAL FATE: Recovery Sacrifice

RFFTfZENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY;

>1NO OBSERVABLE ABNORMALITIES.* NOT APPLICABLE

ANIMAL ID. NO: 418 PATHOLOGISTs W01
ANIMAL FATE: Recovery Sacrifice ~ ,

REFERE.NCE TO NECROPSY RECORD: RELA¶L'ED HISTOPATHOLOCY: $
M NO ODERVADLE ABNORMALITIES.* NOT APPLICABLE

ANIMAL ID. NOt 419 PATH~OLOGIST: W01
A11MAL FATEs Rec~overy 2,u'±tice,~4'

iVEJ11M14MI TO I4ECPOSY 1UECORI) ~ ~ ioIJsrPToQ;

44 NO OJ3HU103JAE AJ3NOW'IALITI'O)F. fIO'I APPI.ICAi3L1 I.Iý.

.,e 2 .t z -



INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139 .

PHASE III, STUDY 79-S
CONCENTRATION -- CO

Correl tion f Gk-os s anrd Micro '•-:•

PROJECT ID: 221-008 GROUP: 2 FATES: Recovery Sacrifice
PAGE 2 SEX: V4ALE DAYS: ALL Q 7-

ANIMAL I. NO; 420 PATHOLOGIST: WOI
ANIMAL F'ATE: Recovery Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY: I -

>TESTES: Left, Aplasia. TESTIS- Tubular Atrophy '.1-V-

ANIMAL TD. NOs 421 PATHOLOGISTs WO0
AN1IMAL VATEs Recovery Sacrifice ,.

NMF'EPZN'C1 TO U1WLICOL'ZV fl1CORDi RECLATtD H'1610TE'4ATHeOLOGY:

>NO 0VERVASLVJ ABNORMAL1±CI, NOT APPi*A-

ANIMAL ID. NfO 422 PATHOLOOISTs WO.
ANIMAL NIAT~ RePcovery 13a¢cri• .fe,

WEI"ENCE TO NECJROPO¥Y R4ECORDi RErIATED H.,. J.3O7"(WI1LOOV,

WN( 01) EJlRVAWBJ A13NORMHA,i'T'EJ. NOT APP1,IAILJE.

* _, 5/j,',

4--
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-S
CONCENTRATION -- CO

Cc~rel<tioiCf Gkx~co'm aridl Mic_-rc;

PROJECT ID: 221-008 GROUP: 2 FATES: Recovery Sacrifice
PAGE 3 SEX: MALE DAYS: ALL

ANIMAL ID, NO: 423 PATHOLOGIST; WOI
ANIMAL FATE: Recovery Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)CECUM: Mucosa Reddish CECUM- Congestion

ANIMAL ID, NO; 424 PATHOLOGIST: WOI
ANIMAL FATE: Recovery Sacrifice ,.

REFEE.NCE TO NEIC.OF&3 RECORDt RELAlTvD HISTOPATH0LOGY :

)NO OBSERVABLE ABNORMALITIES, NOT APPU.,CABLE

ANItAL ID. NO 425 PAIliOLOGISTM W0-
ANIMAL. rA'J,'Ei o•y"c-

R!•,A',:Ncio, TO Nt(PIYO1,y pI.,CODS REIXAXC.EI) HIS'TOPA'i'HOLOOYt ,

)NO00 iUVAOUl[ AV101FMALITI1S, NO7 A&PKI1CA&4X

- .,t • .

a, 'j• "•
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS ,

PROJECT NUMBER L06139 ..-

PHASE III, STUDY 79-S ."

CONCENTRATION -- CO

Cor-e_1a.tion off Gr-oss anrd Micro ,r CD

PROJECT ID: 221-008 GROUP: 2 FATES: Recovery Sacrifice
--- PAGE 4 SEX. MALE DAYS: ALL

ANIMAL ID. NO: 426 PATHOLOGIST: OI
ANIMAL FATE: Recovery Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>LUNGS. Scattered Gray Raised Areas, LUNG- Interstitial Inflammation

ANIMAL ID. NO.: 427 PATHOLOGIST: WOI
ANIMAL FATE: Recovery Sacrifice .. '

R'fICE TO NECROP•Y RECORLD: RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL ID. NO: 428 PATHOLOGIST: WOI
ANIMAL FATE:. Recovery Sacrificee

RF•T•NhPCE TO NECROPSY RE'CORD; RELATED HISTOPATHOLOGY:

)NO 01)ERVABLE ABNOQRMALITIES. NOT APPLICABLE.

*'.,., .'Jt

7. '4o ,.

r• *r

4 ¢..- .:.
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INHALATION EXPOSURE STUDIES .•. .

WITH RP/BR COMBUSTION PRODUCTS
PROJECT NUMBER L06139 .1
PHASE III, STUDY 79-S

CONCENTRATION -- CO

Corre1a~tior1 cof Grocss anrd. Micro .,

PROJECT ID: 221-008 GROUP: 2 FATES: Recovery Sacrifice
PAGE 5 SEX: MALE DAYS: ALL

ANIMAL ID. NO: 429 PATHOLOGIST: WOI
ANIMAL FATE: Recovery Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY. -:-•••

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE '_••*

ANIMAL ID. NO: 430 PATHOLOGIST: OI.

ANIMAL FATE: Recovery Sacrifice.

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL ID. NO: 431 PATHOLOGIST: WOI .'

ANIMAL FATE: Recovery Sacrifice ,.....

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY: OF

)TESTE RALEM Small 1.8 x 1.3 x TESTIS- Tubular Atrophy

1.5 cm ,.,•.)CECUMA Fucosa Reddish NO COROLLARY CHANGE DETECTED

4/
SF°.I. *. °

)7SE-LZ.•Sal . .3xTSIS uua Atrph .,e
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INHALATION EXPOSURE STUDIES ' N-pjkm

WITH RP/BR COMBUSTION PRODUCTS
PROJECT NUMBER L06139
PHASE III, STUDY 79-S

CONCENTRATION -- CO

Correl.a.ti±on- of Gr-os a s .r an Mi ± o,.c x.

PROJECT ID: 221-008 GROUP: 2 FATES: Recovery Sacrifice
PAGE 6 SEX: MALE DAYS: ALL

ANIMAL ID. NO: 432 PATHOLOGIST: NOI
ANIMAL FATE: Recovery Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

40
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INHALATION EXPOSURE STUDIES *%*

WITH RP/BR COMBUSTION PRODUCTS
PROJECT NUMBER L06139
PHASE III, STUDY 79-S

CONCENTRATION -- Cl

Co-rre1.ationr of Gross an-d. Mi cL•o

PROJECT ID: 221-008 GROUP: 3 FATES: Terminal Sacrifice
PAGE 1 SEX: MALE DAYS: ALL

"ANIMAL ID. NO: 373 PATHOLOGIST: HOI
ANIMAL FATE: Terminal Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

\-.* ,,. %,* ..'

ANIMAL ID. NO: 374 PATHOLOGIST: OI
ANIMAL FATE: Terminal Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE ,

ANIMAL ID. NO: 375 PATHOLOGIST: HOI • '.v
ANIMAL FATE: Terminal Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY: '4

>URINARY BLADDER: Contains Calculi NO COROLLARY CHANGE DETECTED
'.C'

C.-..-..,.

3.-

377 i - . 1



INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-S J-.

CONCENTRATION -- Cl

Ccr ore1atincr of GE-oss and Micro x<:

-PROJECT ID& 221-008 GROUP: 3 FATES: Terminal Sacrifice
PAGE 2 - SEX: MALE DAYS: ALL 0

ANIMAL ID. NO: 377 PATHOLOGIST: NOI
ANIMAL FATE. Terminal Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL ID. NO: 378 PATHOLOGIST: WOI
ANIMAL FATE: Terminal Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED IHISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL ID. NO: 379 PATHOLOGIST: WOI
ANIMAL FATE: Terminal Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)LUNG - LEFT LOBE: Tan Depressed NO COROLLARY CHANGE DETECTED
Area Along Edge Scattered Red
Pinpoint Foci
)LUNG - CARDIAC LOBE: Scattered Red NO COROLLARY CHANGE DETECTED
Pinpoint Foci 4-

.V,•

378 ..



INHALATION EXPOSURE STUDIE~S
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-S
CONCENTRATION -- C1

Corre Latior c>f Gross armd M &zr o--
; ")a-

PROJECT ID: 221-008 GROUP: 3 FATES: Terminal Sacrificas
* PAGE 3 SEX: MALE DAYS: ALL

ANIMAL ID. NO: 380 PAHOTOGU4T; P101
ANIMAL FATE: Terminal Sacrifice i %g'14

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOIOOY,

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL ID. NO: 381 PATHOL0O•Tfs W01 1,&14
ANIMAL FATE: Terminal Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOY--

>TESTE - RIGHT: Small 1.2 x 1. 0 x TESTIS- Tubular Atrophy
0.6 cm

ANIMAL ID. NO: 382 PA'rII0[:o,;f I 0T i W04,.J
ANIMAL FATE: Terminal Sacrifice t..;.

REFERENCE TO NiCROPSY RECORD: RALATIWED HIicOTPA'iIIOJC,00'/ ,

>NO OBSERVABLE ABNORMALITIES. NOT APPLICADI'E

11 .7'
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-S

CONCENTRATION -- Cl

Correlaticri cof Gross arid Micro a

PROJECT ID: 221-008 GROUP: 3 FATES: Terminal Sacrifice
PAGE 4 SEX: MALE DAYS: ALL

ANIMAL ID. NO: 383 PATHOLOGIST: WOI
ANIMAL FATE: Terminal Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANM4I.NO 8 A'OOITI0I....
ANIMAL ID. NO: 384 PATHOLOGIST: WOI
ANIMAL FATE: Terminal Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL ID. NO: 385 PATHOLOGIST: NOI
ANIMAL FATE: Terminal Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

* >NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

380 4h--

v .- '-"



INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-S

CONCENTRATION -- Cl -

Co~rreation1 f Gross anma Micro kc:

PROJECT ID: 221-008 GROUP: 3 FATES: Terminal Sacrifice
PAGE 5 SEX: MALE DAYS: ALL .

ANIMAL ID. NO: 386 PATHOLOGIST: WOI
ANIMAL FATE. Terminal Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)MANDIBULAR LYMPH NODES: Dark Red MANDIBULAR LYMPH NODE- Hemorrhage

ANIMAL ID. NO: 387 PATHOLOGIST: 01I
ANIMAL FATE: Terminal Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
38. 1 ..

.".. *'..¾.'

• /-.* <'.
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-SCONCENTRATION -- C2

PROJECT ID.: 221-008 GROUP: 4 FATES: Terminal Sacrifice
PAGE 1 SEX: MALE DAYS: ALL

ANIMAL ID. NO: 388 PATHOLOGIST: WOI
ANIMAL FATE: Terminal Sacrifice

REFERENCE TO NECROPSY RECORD; RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
- ,•. •-

ANIMAL ID. NO: 389 PATHOLOGIST: WO1
ANIMAL FATE: Terminal Sacrifice

4.t

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL ID. NO: 390 PATHOLOGIST: NOI
ANIMAL FATE: Terminal Sacrifice .

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE "

3 4'.-

4
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-S

CONCENTRATION -- C2 I

Cor, lavtj on -f= Gtoss andrc Micr-c:

PROJECT ID: 221-008 GROUP: 4 FATES: Terminal Sacrifice
PAGE 2 SEX: MALE DAYS: ALL

ANIMAL ID. NO: 391 PATHOLOGIST: OIANIMAL FATE. Terminal Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:
)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

S.. .... . . .

ANIMAL ID. NO: 392 PATHOLOGIST: WOI
ANIMAL FATE: Terminal Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE .y:.

% N

ANIMAL ID. NO: 393 PATHOLOGIST: WOI
ANIMAL FATE: Terminal Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

33.-

3 83 I'.p



INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-S

CONCENTRATION -- C2

Correl1aLtionr of Gr-oss arnd. Miciro

PROJECT ID: 221-008 GROUP: 4 FATES: Terminal Sacrifice
-PAGE 3 SEX: MALE DAYS: ALL

ANIMAL ID. NO: 394 PATHOLOGIST; WOI
ANIMAL FATE: Terminal Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL ID. NO: 395 PATHOLOGIST: OI
ANIMAL FATE: Terminal Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY: .'

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL ID. NO: 396 PATHOLOGIST: WOI
ANIMAL FATE: Terminal Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

3.8,'S

38g.



INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III. STUDY 79-S

CONCENTRATION -- C2

Corre.atio nL of Gro a.rcl M:Lcro,'

PROJECT ID: 221-008 GROUP: 4 FATES: Terminal Sacrifice,
PAGE 4 SEX: MALE DAYS: ALL

ANIMAL ID. NO: 397 PATHOLOGIST: W0I H ..
ANIMAL FATE: Terminal Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL ID, NO: 398 PATHOLOGIST: WOI
ANIMAL FATE: Terminal Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY: WI,.

)URINARY BLADDER: Contains Calculi URINARY BLADDER- Concretion

ANIMAL ID. NO: 399 PATHOLOGIST: OI
ANIMAL FATE: Terminal Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

385
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INHALATION EXPOSURE S.UDIES
WITH RP/BR COMBUSTION PRODUCTS .

PROJECT NUMBER L06139
PHASE III, STUDY 79-S

CONCENTRATION -- C2

C3- :at io nr- Df Gross> atndc MIcavo C>

PROJECT ID: 221-008 GROUP: 4 FATES; Terminal Sacrifice
PAGE 5 SEX: MALE PAYSs ALL

ANIMAL ID. NO: 400 PATHOLOGIST: OI
ANIMAL FATE: Terminal Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE V,

ANIMAL ID. NO: 401 PATHOLOGIST: WOI
ANIMAL FATE: Terminal Sacrifice ON

REFERENCE TO NECROPSY RECORDe. RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL ID. NO: 402 PATHOLOGIST: WOI
ANIMAL FATE: Terminal Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY: 'f

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

.'.1 4-

-,,.,.:..



INHALATION EXPOSURE STUDIES i
WiTH RP:BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139 I.
PHASE III, STUDY 79-S

CONCENTRATION -- C2

Co&•r ela~tior of G& scsm anria Mick=ro

PROJECT ID: 221-008 GROUP: 5 FATES: Recovery Sacrifice
PAGE 1 SEX: MALE DAYS: ALL t.

ANIMAL ID. NO: 106 PATHOLOGIST: WOI
ANIMAL FATE: Recovery Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL ID. NO: 433 PATHOLOGIST: WOI
ANIMAL FATE: Recovery Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL ID. NO: 434 PATHOLOGIST: WOI
ANIMAL FATE: Recovery Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)MANDIBULAR LYMPH NODE: Enlarged, MANDIBULAR LYMPH NODE- Lymphocytic
Dark Red Hyperplasia

387



INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139)
PHASE III,. STUDY 79-S
CONCENTRATION - - C2 0

Ccovve3.a~t--lr <:> Gvoos a~idl MiLcvr

PROJECT ID: 221-008 GROUP: 5 FATES: Recovery Sacrifice
PAGE 2 SEX: MALE DAYS: ALL

ANIMAL ID. NO: 435 PATHOLOGIST: WOI
ANIMAL FATE: Recovery Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL ID. NO: 436 PATHOLOGIST: WOI
ANIMAL FATE: Recovery Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL ID. NO: 43?7 PATHOLOGIST: NOI
ANIMAL FATE: Recovery Sacrifice

* REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

388



INHALATION EX'POSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-S

CONCENTRATION -- C2

co;r-r-elation3 of Gross and Micro •

PROJECT ID: 221-008 GROUP: 5 FATES: Recovery Sacrifice
PAGE 3 SEX: MALE DAYS: ALL S

ANIMAL ID. NO: 438 PATHOLOGIST: 0I O
AINIMAL FATE: Recovery Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL ID. NO: 439 PATHOLOGIST: WOI
ANIMAL FATE: Recovery Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>URINARY BLADDER: Calculi URINARY BLADDER- Concretion

ANIMAL ID. NO: 440 PATHOLOGIST: WOI
ANIMAL FATE: Recovery Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

389



INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE i1I, STUDY 79-S

CONCENTRATION -- C2

PROJECT ID: 221-008 GROUP: 5 FATES: Recovery Sacrifice
PAGE 4 SEX: MALE DAYS.- ALL

ANIMAL ID. NO: 441 PATHOLOGIST: W4OI
ANIMAL FATE: Recovery Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

or 0

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE M

ANIMAL ID. NO: 442 PATHOLOGIST: WOI
ANIMAL FATE: Recovery Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOVd *
>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL ID. NO: 443 PATHOLOGIST: WOI
ANIMAL FATE: Recovery Sacrifice .. .

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

"U"%

390
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INHALATION EXPOSURE STUDIES ,
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE I!I, STUDY 79-S

CONCENTRATION - - C2

Co- v 4La t :Lo of GroC s v s z m a Mi cro vc:>

PROJECT ID; 221-008 GROUP: 5 FATES: Recovery Sacrifice
PACE 5 SEX. MALE DAYS: ALL , .

ANIMAL ID. NO: 444 PATHOLOGIST: WOI
ANIMAL FATE: Recovery Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES, NOT APPLICABLE ..

ANIMAL ID. NO: 445 PATHOLOGIST; W01
ANIMAL FATE: Recovery Sacrifice

REFENCE TO NECROP$¥ RECORD: RELATED HISTOPATHOLOGY: , 1
>CECUM: Mucosa- 0.2 x 0.5 cm Dark CECUM- Hemorrhage
Red Area .

>RECTUM: Mucosa- 1.0 x 1.0 cm Dark NO COROLLARY CHANGE DETECTED
Red Area

ANIMAL ID. NO: 446 PATHOLOGIST: WOI
ANIMAL FATE: Recovery Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY,

>NO OBSERVABLE ABNORMJALITIES. NOT APPLICABLE

rep' 40

'. 3..1 4A .
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4 INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-S

CONCENTRATION -- C2

C -cie3.=t-on of GIr- c -m anmd. M:i c •- r r--c)

PROJECT ID: 221-008 GROUP: 5 FATES: Recovery Sacrifice
PAGE 6 SEX: MALE DAYS: ALL

WNIMAL ID. NO: 447 PATHOLOGIST: WOI
ANIMAL FATE: Recovery Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

It*tý

W r".

3.9
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IHIHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III. STUDY 79-S

CONCENTRATION -- C3

Co)vre<a- t onit- oLf Gross and Micro •

PROJECT ID: 221-008 GROUP: 6 FATES: Terminal Sacrifice
PAGE 1 SEX: MALE DAYS: ALL

ANIMAL ID. NO: 404abc PATHOLOGIST: N0I
ANIMAL FATE: Terminal Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE A

AJIIM4AL ID. NO. 405abc PATHOLOGIST: N01I
ANIMAL FATE: Terminal Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED I{ISTOPATHOLOGY:

)URINARY BLADDER: Contains Calculi URINARY BLADDER- Concretion

ANIMAL ID. NO: 406 PATHOLOGIST: N01I
ANIMAL FATE: Terminal Sacrifice

REFEREN1CE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>TESTIS II: Verv Small TESTIS- Tubular Atrophy p

393 dG
•--.



INHALATION EXPOSURE STUDIES ZN
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-S

CONCENTRATION -- C3

Co -relat ion of Gkrosgs and. Micro

PROJECT ID: 221-008 GROUP: 6 FATES: Terminal Sacrifice

PAGE 2 SEX: MALE DAYS: ALL

ANIMAL ID. NO: 408abc PATHOLOGIST: WOI
ANIMAL FATE: Terminal Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY: %

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL ID. NO: 409abc PATHOLOGIST: WOI
ANIMAL FATE: Terminal Sacrif ice

REFERENCE TO NECROPSY RECORD. RELATED HISTOPATHOLOGY:

)TESTE - LEFT: Small 0.2 x 0.2 x TESTIS- Tubular Atrophy;
0. 2 cm Mineralization

ANIMAL ID. NO: 410abc PATHOLOGIST: WOI '"

ANIMAL FATE: Terminal Sacrificp

REFERENCE TO IJECROPSY REtW... RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

3941k ,-p "



INIIALATION EXPOSURE STUDIES V
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-S

CONCENTRATION -- C3

PAECorFrela~tionr of Gros~s anrd. Micro c

PROJECT ID: 221-008 GROUP: 6 FATES: Terminal Sacrifice SPAGE 3 SEX: MALE DAYS: ALL _

ANIMAL ID. NO: 411abc PATHOLOGIST: NOI
ANIMAL FATE: Terminal Sacrifice

S REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL ID. NO: 412abc PATHOLOGIST: OI

ANIMAL FATE: Terminal Sacrifice ".'.

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL ID. NO: 413abc PATHOLOGIST: NOI :-:N
ANIMAL FATE: Terminal Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>LEFT TESTIS (II): Small 0.5 cm x TESTIS- Tubular Atrophy;
0.3 cm Mineralization
>URINARY BLADDER: Contains Calculi NO COROLLARY CHANGE DETECTED

395 i.
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INHALATION EXPOSURE STUDIES SX.
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-S

CONCENTRATION -- C3

Cor elatXcL rn of Gross an rid Micro a

PROJECT ID: 221-008 GROUP: 6 FATES: Terminal Sacrifice.
PAGE 4 SEX: MALE DAYS: ALL

ANIMAL ID. NO: 414abc PATHOLOGIST: WOI
ANIMAL FATE: Terminal Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMA¶j ID. NO: 416abc PATHOLOGIST: WOI
ANIMAL FATE: Terminal Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL ID. NO: 468c PATHOLOGIST: WOI
ANIMAL FATE: Terminal Sacrifice

REFEREnCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:
•'.

)140 OBSERVABLE ABNORMALITIES. NOT APPLICABLE

.3

396
•-.
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-S

CONCENTRATION -- C3

Coveiation of Gm Eo>s aLnd. M icr

-PROJECT-ID: 221-008 -GROUP: 6 FATES-: Terminal Sacrifice
PAGE 5 SEX: MALE DAYS: ALL

ANIMAL ID. NO: 469c PATHOLOGIST: OI
ANIMAL FATE: Terminal Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL ID. NO: 470c PATHOLOGIST: WO1
ANIMAL FATE: Terminal Sacrifice

, £

REFERE1CE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

,'k

J.%

3970.
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-S

CONCENTRATION -- C3

C coo - L- -- 1.a m:L n ri cD-oE C; r D n cl M :Lc! -r',0

PROJECT ID: 221--008 GROUP: 6 FATES: Spontaneous Death
PAGE 1 SEX; MALE DAYS: ALL

ANIMAL ID. NO: 73b PATHOLOGIST: OI
ANIMAL FATE: Spontaneous Death

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)THORACIC CAVITY: Severe Red Fluid No Section
(Amount)
)LUNGS: Dark Red. LUNG- Congestion
)LIVER: Dark Red. LIVER- Congestion
)CECUM: Partially Gas Filled. NO COROLLARY CHANGE DETECTED
)STOMACH: Partially Gas Filled. NO COROLLARY CHANGE DETECTED
)COLON: Partially Gas Filled. COLON- Autolysis

ANIMAL ID. NO: 141bd PATHOLOGIST: WOI
ANIMAL FATE: Spontaneous Death

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)NOSE: Crusty Discharge Around No Section
)EYES: Crusty Discharge Around No Section
)THORACIC AND ABDOMINAL CAVITIES: No Section
Severe Red Fluid.
)LUNGS: Dark Mottled Red. LUNG- Conaestion 40)LIVER: Dark Red. LIVER- Congestion
)STOMACH: Empty; Gas Filled. NO COROLLARY CHANGE DETECTED
)MOUTH: Crusty Discharge Around No Section

398
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-S

CONCENTRATION -- C3

CorrelXa=tion of Gross anrkd. Micrc)

PROJECT ID: 221-008 GROUP: 6 FATES: Spontaneous Death
PAGE 2 SEX: MALE DAYS: ALL

ANIMAL ID. NO: 202ab PATHOLOGIST: W0I
ANIMAL FATE: Spontaneous Death

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)LIVER: Dark Red. LIVER- Congestion
)LUNGS: Dark Red. LUNG- Congestion; Hemorrhage
)STOMACH: Flaccid. NO COROLLARY CHANGE DETECTED

ANIMAL ID. NO: 298ab PATHOLOGIST: WOI
ANIMAL FATE: Spontaneous Death

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)LIVER: Dark Red LIVER- Congestion
)JEJUNUM: Slightly Bloated. JEJUNUM- Autolysis

S

ANIMAL ID. NO: 303ab PATHOLOGIST: OI
ANIMAL FATE: Spontaneous Death

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)LIVER: Dark Red. LIVER- Congestion
)LUNGS: Dark Red. LUNG- Congestion
>STOMACH: Gas Filled; Empty. NO COROLLARY CHANGE DETECTED
)JEJUNUM: Empty; Gas Filled. JEJUNUM- Autolysis

399
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-S

CONCENTRATION -- C3

CoDRrelalv nt± of Gross anrd Micro Lc

PROJECT ID'. 221-008 GROUP: 6 FATES: Spontaneous Death
PAGE- 3 SEX: MALE DAYS: ALL

ANIMAL ID. NO: 345abd PATHOLOGIST: NOI
ANIMAL FATE: Spontaneous Death

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY: IN

>LUNGS: Severe Mottled Red. LUNG- Congestion
)KIDNEYS: Tan. KIDNEY- Congestion
>LIVER: Dark Red. LIVER- Congestion
>BRAIN: Soft. NO COROLLARY CHANGE DETECTED -•

r-

ANIMAL ID. NO: 349abd PATHOLOGIST: WOI
ANIMAL FATE: Spcntaneous Death

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>THORACIC CAVITY: Moderate Red Fluid No Section
>LUNGS: Mottled Red. LUNG- Congestion
>SPLEEN: Pale Red. NO COROLLARY CHANGE DETECTED
>LIVER: Dark Red. Tan Focus 0.2 x LIVER- Necrosis
0.2 cm On The Dorsal Surface Of The
Median Lobe. "

40
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-S

CONCENTRATION -- C3

Coz-zela at ion of Gr'oss anrd Micro

PROJECT ID: 221-008 GROUP: 6 PATES: Spontaneous Death
PAGE 4 SEX: MALE DAYS: ALL

ANIMAL ID. NO: 356b PATHOLOGIST: WOI
ANIMAL FATE: Spontaneous Death

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>THORACIC CAVITY: Filled With Dark No Section
Red Fluid
>LUNGS: Dark Red LUNG- Congestion
>LIVER: Dark Red. LIVER- Congestion

ANIMAL ID. NO: 403ab PATHOLOGIST: WOI
ANIMAL FATE: Spontaneous Death

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>LUNGS: Dark Red. LUNG- Congestion 4
>LIVER: Dark Red. LIVER- Congestion
>STOMACH: Flaccid NO COROLLARY CHANGE DETECTED

S-

I,o
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE IlI, STUDY 79-S

CONCENTRATION -- C3

Corvve1.a0,-iLc c~ Grx-coom erkd M:Licr<

PROJECT ID: 221-008 GROUP: 6 FATES: Spontaneous Death
PAGE 5 SEX: MALE DAYS: ALL

ANIMAL ID. NO: 407abd PATHOLOGIST: NOi
ANIMAL FATE: Spontaneous Death

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY.:.

>THORACIC CAVITY: Severe Red Fluid. No Section
>LUNGS: Dark Red. LUNG- Congestion
>LIVER: Dark Red. LIVER- Congestion
>STOMACH: Flaccid. NO COROLLARY CHANGE DETECTED

ANIMAL ID. NO: 415ab PATHOLOGIST: WOI

ANIMAL FATE: Spontaneous Death

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>LUNGS: Dark Red LUNG- Congestion U
>STOMACH: Gas Filled NO COROLLARY CHANGE DETECTED
>CECUM: Gas Filled NO COROLLARY CHANGE DETECTED
>LIVER: Dark Red LIVER- Congestion

4.'.

p..
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-S

CONCENTRATION -- C3

Cee lat lonr: cof G-ross axrid Microa*

PROJECT ID: 221-008 GROUP: 6 FATES: Spontaneous Death
* PAGE 6 SEX: MALE DAYS: ALL

ANIMAL ID. NO0 417ab PATHOLOGIST: WOI
ANIMAL FATE: Spontaneous Death

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:
>LUNGS: Dark Red. LUNG- Congestion

>THYMUS: Scattered Dark Red Foci. THYMUS- Hemorrhage
>LIVERt Dark Red. NO COROLLARY CHANGE DETECTED
) >STOMACH: Bloated. Gas Filled. NO COROLLARY CHANGE DETECTED O-

1%,

ANIMAL ID. NO: 454ab PATHOLOGIST: OI
ANIMAL FATE: Spontaneous Death

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>LUNGS: Dark Red LUNG- Congestion
>STOMACH: Gas Filled NO COROLLARY CHANGE DETECTED

* >CECUM: Gas Filled CECUM- Autolysis
>LIVER: Dark Red. LIVER- Congestion

'40
I%
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139 '-
PHASE iii, STUDY 79-S

CONCENTRATION -- C3

PROJECT ID: 221-008 GROUP: 6 FATES: Spontaneous Death
PAGE 7 SEX MALE DAYSt ALL

ANIMAL ID. NO: 455a PATHOLOGIST; WOI
ANIMAL FATE: Spontaneous Death ....

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY: -

)THORACIC CAVITY: Contained Dark No Section
Red Fluid.
)LUNGS: Scattered Dark Areas, Some LUNG- Hemorrhage
Pinpoint, Throughout. I.

>SPLEEN: Dark Red. SPLEEN- Congestion
)STOMACH: Bloated and Gas Filled. NO COROLLARY CHANGE DETECTED
>LIVER: Extremely Dark Red. LIVER- Congestion
>JEJUNUM: Bloated. Gas Filled. JEJUNUM- Autolysis .'K
>PITUITARY GLAND: Dark Red. PITUITARY GLAND- Congestion

ANIMAL ID. NO: 458abd PATHOLOGIST; WOI

ANIMAL FATE: Spontaneous Death A.

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>LUNGS: Dark Red. LUNG- Congestion
>LIVER: Dark Red. LIVER- Congestion
>URINARY BLADDER: Filled With Dark NO COROLLARY CHANGE DETECTED
Red Fluid. Aspirated 0.4 cc.
)STOMACH: Gas Filled. NO COROLLARY CHANGE DETECTED

4 ''V'.'*,'

A . -t ."' .
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-S

CONCENTRATION -- C3

4=c) ,r om 3.a~bticr- c:>C Or-o=P a~rcd MiL=rc>

PROJECT ID: 221-008 GROUP: 6 FATES: Spontaneous Death
PAGE 8 SEX: MALE DAYS: ALL

ANIMAL ID. NO: 467c PATHOLOGIST: HOI gi'
ANIMAL FATE: Spontaneous Death

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)LUNGS: Mottled Red. LUNG- Congestion
)LIVER: Dark Red, Basically, With LIVER- Necrosis; Congestion
Some Scattered Tan Areas.
>STOMACH: Bloated. Gas Filled. STOMACH- Autolysis
>LEFT KIDNEY: Tan Posterior, Dark KIDNEY- Congestion
Red Anterior.
)BRAIN: Softer. NO COROLLARY CHANGE DETECTED ''2
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-S

CONCENTRATION -- C3 7

Co• e lt ionr o~f Goss anrd Micro,

PROJECT ID: 221-008 GROUP: 7 FATES; Recovery Sacrifice,
PAGE 1 SEX: MALE DAYS: ALL

AkiIMAL ID. NO: 443abc PATHOLOGIST: NOI
ANIMAL FATE: Recovery Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL ID. NO: 449abc PATHOLOGIST'C 0 WOI
ANIMAL FATE: Recovery Sacrifice

*
REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOUY:

>110 OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL ID. NO: 450abc PATHOLOGIST: WOI
ANIMAL FATE: Recovery Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPPTHOLOGY:

>MANDIBULAR LYMPH NODE: Enlarged MANDIBULAR LYMPH NODE- Lymphocyti
Hyperplas ia

o-z
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-S

CONCENTRATION -- C3

Corvrela tion-i of Gr-oss anmda M acro

PROJECT ID: 221-008 GROUP: 7 FATES: Recovery Sacrifice
PAGE 2 SEX: MALE DAYS: ALL

ANIMAL ID. NO: 451abc PATHOLOGIST: OI
ANIMAL FATE: Recovery Sacrifice

p

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL ID. NO: 452abc PATHOLOGIST: NOI
ANIMAL FATE: Recovery Sacrifice pk

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL ID. NO: 453abc PATHOLOGIST: NOI
ANIMAL FATE: Recovery Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>URINARY BLADDER: Contained Calculi URINARY BLADDER- Concretion

4-.
-'.5'.%

•o7 5..
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139 K 'y
PHASE III, STUDY 79-S

CONCENTRATION -- C3

Ccrrela~tioni of Gross anrid. Micro .

PROJECT ID: 221-008 GROUP: 7 FAI.S: Recovery Sacrifice _"

PAGE 3 SEX: MALE DAYS: ALL *

ANIMAL ID. NO: 456abc PATHOLOGIST: WOI
ANIMAL FATE: Recovery Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL ID. NO: 457abc PATHOLOGIST: OI
ANIMAL FATE: Recovery Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL ID. NO: 459abc PATHOLOGIST: NOI
ANIMAL FATE: Recovery Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY: "•e[

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE -

.1 -+ z
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INHALATION EXPOSURE STUDIES A_
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-S 'A I-V

CONCENTRATION -- C3

Cor-re lationi of Gcoss anid MicroC.

PROJECT ID: 221-008 GROUP: 7 FATES: Recovery Sacrifice
PAGE 4 SEX: MALE DAYS: ALL

ANIMAL ID. NO: 460abc PATHOLOGIST: OI-
ANIMAL FATE: Recovery Sacrifice

SREFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>N0 OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL ID. NO: 461abc PATHOLOGIST: OI
ANIMAL FATE: Recovery Sacrifice .

REFERENCE TO NECROPSY RECORD. RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL ID. NO: 462abc PATHOLOGIST: 10I '
ANIMAL FATE: Recovery Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

•~
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-S

CONCENTRATION -- C3

Ccotr r-e 1a~t;± or-x f GrossE a anid. Micro a

PROJECT ID: 221-008 GROUP: 7 FATES: Recovery Sacrifice
PAGE 5 SEX: MALE DAYS: ALL

ANIMAL ID. NO: 463bc PATHOLOGIST: WOI
ANIMAL FATE: Recovery Sacrifice

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY: >•4

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL ID. NO: 471c PATHOLOGIST: WOI
ANIMAL FATE: Recovery Sacrifice '1

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

* A
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QUALITY ASSURANCE
REPORT CERTIFICATION

Client Name: IIT Research Institute

Client Study Number: L06139 Phase III Study 79-S

Study Director: Dr. W.O. Iverson Pathologist: Dr. W.O.Iverson

Study Title: Repeated Inhalation Exposure Studies With
RP/BR Combustion Products in Rats,
Pathology Report Amendment #1

Test Article: Combustion Products of Red Phosphorus/Butyl Rubber

Species: Sprague-Dawley Rats

All parts of the pathology phase of this study, including the

final report, were reviewed by Experimental Patho)logy

Laboratories Quality Assurance Unit on July 20, 1984. All

findings were reported to the Study Director and Management.

Btty L-. Plankenhorn
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EPL
EXPERIMENTAL PATHOLOGY LABORATORIES, INC.

IITRI PROJECT NUMBER L06139
PHASE III STJDY 79-S

INHALATION EXPOSURE SIUDIES
WITH RP/BR

CONBUSTION PRODUCTS IN RATS

PATHOLOGY REPORT AMENDMENT #1

PATHOLOGY SUIARY

Microscopic examinations were performed on selected tissues from male

Sprague-Dawley rats. The purpose of these examinations was to determine if

there were any treatment-related effects in tissues outside of the

respiratory tract from the exposure of rats to RP/BR combustion products.

Microscopic examinations were also performed on specially stained sections

of lung from selected rats in this study. The purpose of these
r

examinations was to confirm and grade the amount of collagen in the-

terminal bronchioles and associated alveoli. Tissues from selected rats

which had received 0.0 mg/L, 0.75 mg/L, 1.0 mg/L, or 1.2 or 1.3 mg/L for

2.25 hours per day for four consecutive days for four weeks, and the

respective recovery groups from these exposures, were examined.

Paraffin blocks containing the following tissues were prepared at the

Illinois Institute of Technology Research Institute: heart, eyes, kidneys,
I,

adrenals, liver, esophagus, stomach, duodenum, urinary bladder, and lung.
el

Paraffin blocks were shipped to Experimental Pathology Laboratories, Inc.

where hematoxylin and eosin stained slides were prepared and examined. The

paraffin blocks cuntaining the right lung lobes from selected animals were
0•

sectioned and stained with Masson's trichrome stain to demonstrate

collagen. Several animals did not have liver, stomach or urinary bladder

414
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N
present because they had been processed and examined as a part of the

original pathology report for this study.

RESULTS

The microscopic changes found and a detailed listing of all tissues

evaluated are presented in the Tabulated Animal Data Tables. The amount of

stainable collagen present in the alveolar walls of the lung was graded

subjectively and is recorded in the Histopathology Incidence Tables. All

lesions are summarized by treatment group and presented in the Project

Summary Tables.

No changes were seen in the tissues examined outside of the

respiratory tract which appeared to be related to the test material. Most

lesions seen were present in the kidneys of both treated and control

animals and consisted of early changes associated with chronic progressive

nephropathy, a common degenerative renal disease of laboratory rats. The

concretions seen in the urinary bladder of both treated and control animals

were probably coagulated protein secreted by the male accessory sex glands

at the time of euthanasia. A number of rats in the group which received

1.3 mg/L or more died spontaneously and exhibited congestion in the heart,

kidney, and adrenal. I,

The amount of collagen normally present in the alveolar septa was

recorded as "", minimal. Some of the animals that had minimal to mild

amounts of thickening of the terminal bronchiole and its associated alveoli

did have a mild amount of collagen, i.e., grade 2, compared to the

415%
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controls. Mild to moderate amounts of collagen were present in most of the

animals that were previously graded as grade 3 terminal bronchiolar

fibrosis, that is, those animals that received 1.3 or 1.2 mg/L and survived

until the terminal sacrifice.

CONCLUSIONS

The results of these microscopic examinations indicate that the

administration of combustion products of RP/BR to rats under the conditions

of this experiment did not produce treatment-related lesions in the heart,

eyes, kidneys, adrenals, liver, esophagus, stomach, duodenum or urinary

bladder. Examination of lung from selected animals indicated that

fibrosis, as evidenced by a Masson's trichrome stain, is a component of the

lesion "terminal bronchiolar fibrosis" previously identified in the study.

As the thickening which comprised this lesion became more severe, increased

amounts of collagen were present in these areas.

W.O. Iverson- D.V.M.
Veterinary Pathologist

• a\
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INHALATIO EXPOSUURE STUDIES
WiHO AP/ COMMION POUCTS

focal NOAlIF L06139 .-
noASt III, SUDY 79-S

Projec+t S.umomrxy Tabla
SUIMARY: Incidenc of NON-NEOPLAUIC Nicroscopic Findinngs

PROJECT I0. NO: 221-08 FAIES: TELN41ML SACHRIIC•,1ECOVJEI SACRIEICE
PAGE I- DAYS: ALL -SIX: MALE

GROUP: CO CO 1 C3 C3 "
NDN8ER Of ANIMALS: 15 16 13 14 ,

N',U

HNkEW No Ex 15 16 13 14
Intlamtion 1 (7) 1 (6) 0 (0) 0 (0)

EYE NO bis 16 12 14
Intimation 1 (7) 0 (0) 0 (0) 0 (0)

WIDNEY No tx 15 16 13 14
Hyaline Casts 8 (53) 9 (56) 8 (62) 9 (64)
Tubular Hyperplaia 5 (33) 7 (44) 3 (23) 5 (36)
lntra•tUlae Hin, raliution 10 (67) 13 (81) 5 (38) 9 (64)
Lymphocytic Infiltrate 8 (53) 5 (31) 3 (23) 1 (7)

ADRENAL No Ex 15 16 13 14
Accessory Cortical Tissue 1 (7) 1 (6) 1 (8) 1 (7)

LIVER No Ex 15 16 13 14
Lxtrwedullary Henatopoaesis 1 (7) 0 (0) 0 (0) 0 (0)
Eosirophilic Infiltrate 1 (7) 0 (0) 0 (0) 0 (0)
Subacute Intl-mation 0 (0) 0 (0) 0 (0) 1 (7)

ESOPHAGU No Ex 15 16 13 14

STOMACH No Ex 13 16 13 14

Extoliated Cells 0 (0) 1 (6) 0 (0) 0 (0)

DJODEWNU No Ex 14 16 13 14

URINARY BLADDER Io Ex 14 16 11 13
Concretion 2 (14) 4 (25) 0 (0) 1 (8)

417
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INALATION EXPOSURE STUDIES
WITH k/Bk CONIUST4 PRODUC'-TS

PROWC MIRlt L06139 -+•-

PIASE lilt STUDY 79-6

Project. Summary TableV.
SWRIY: Inc•ildbe of ,ON-MEOPLASTIC Iicrotcopic findings

PROjECT ID. NO: 221-000 fATES: SP" OININUS- DTH
NotE I DAYS: ALL SEX: HALE

~RU:Co Co a C3 C3 k
MURDER OF AMItMLS. 0 0 16 0

HEART NO EX 0 0 16
Conqestlon 0 0 13 (81) 0 . "u

EYE No Ex 0 0 16 0 "
Congestion 0 0 2 (13) 0

KINYNO E 0 0 15 0
Congestion 0 0 15 (100) 0
lotratu~lar hineralizatioo 0 0 5 (33) 0

ADkENAL NoERX 0 0 16 0
Congestionl 0 0 12 (75) 0

,IVER No.x 0 0 0 0

EOMGUS No Ex 0 0 16 0

STONC No Ex 0 0 4 0

DU0DEMUI MNo F. 0 0 15 0
Aujto1ysis 0 0 2 (13) 0

*:I.,,.•.-

u0INARY BLADDER No Ex 0 0 15 0
Concretion 0 0 1 (7) 0

,'.4.".-VIP.
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INHALATION EXPOSURE STUDIES
WITH IPVOR CONSUSTION PRODUCTS

PROJECT NUNDER L06139
PMASE Il1, STUDY 79-9

CONCENTRATION -- CO

"JTabUilatd AnImal l. --.a

PROJEC! ID: 221-008 GUOUP: CO SEX: MALE DAYS: ALL
FATES: TRMINAL SC ICE

ANIHAL ID. NO: 350 359 360 361 362 363 364 365 366 367

HEART N N N N N 0 N N N N
*, b

EYE N N N N N N m N N

K IDNEY N
Hyaline Casts 1 - I 1 1 1 1 - -
Tubular /yperplati 1 - - i . . . . 2 1
IntritubuIar hf rerihatiore - 1 1 - 2 1 1 1
Ly'phocytic Infiltrate I - - 1 1 - 1

ADRENAL N N N N N N N -0--
Accessory Cortical Tissue F.. . . .. .qI

Extrweedulhry Neatopolesis .. . .. . .

ESOPHA6US N N N N N N N N N N

STOMCH N N N N N N N N N N

DUODENUM N N N N N N N N N N

URINARY BLADDER N N N N N N
Concretioh . . P p

"'19



INHALATION EXPOSU $ 1 STUDIES
WITH RP/Bi COMIDUSTION PRODUCTS

PROJECT UBER L06139
PHASE II, STUDY 7/-S

CONCENTRAT ION -- CO

Tabulated Animal Data

PROJECT 10: 221-008 GROUP: CO SEX: MALE DAYS: ALL
FATES: TERMINAL SACRIFICE

ANIMAL ID. NO: 368 369 370 379 372 t k

HEART N N N N
Irif lus-at Ior, -1 -

EYE N N N N
Ir,23tir- - ,

KILDNEY
Hvilinie Ciff - - -c ut
Tu.laI.ir Hyperph.sit - - - 1 .
Intr.itutbul.r Mliarahiltionr - 1 1 1 1
Lyiptlocytic Infilitrite 1 -I 1 :,

ADPENALN N N N

LIVER N N N N
EoSInDpnilic riiiltrite - - I -

ESOPIAGUS N N N N N

STOiMCH N N A A N

DUODENUM N N N A N Y.

IJRI,•IR BLADDER N A N N N
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IALATION EXPOSURE STUDIES
01TH ffP/Ia CONWSTION PMOMINCTS

PROJECT Ki4BER 106139 a

CONCENTRATION - Co

TabuI..a-Led An-ima2 mL .at,.u

PROJECT ID: .21-009 GROUP: CO I SEX: MALE DAYS: ALL
FATES: RECOVERY SACRIFICE

NIMAL 1. NO: 85 418 419 420 421 42.2 423 424 425 426

HEART N N N N N N N N N K,•,,

lntl.eution 1 . . ...- - .-.

EYE N N N N N N N N N 9 N1

Hyvline Cists - - - 1 2 - 2 1 -
Iubul.,ir •yperplm - 1 - - I - 1 -",

1rtrotubular minet ii ization - 1 - 1 1 1 1 1 1 1
Lyapnkocytc irifltr it- - 1 1 1 - - - -

,4DREMAL N N N N N N N 0 ,
Acessory Corticul Tissue .P,-.--

L IVER N N N N N a N N N N

ESOPAGUS N N N N N N N N N "

STOMACH N N N N N N N N -
E-fol atoed Cells . . . . . ... -- , -

OUWDDENIJ N N N N N N N N N N

UIMNARY BLADDER N N N N N N N
Concretior, .P - p
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INIALATION EXPOSUIE STUDIES
MITH lPlIR COMMDUSTION PRODUCTS

PROMiT PAUIU L06139 *4 ..
PHASE III, STUDY 79-S
CONCENT1ATION -- Co

TZba.lated Animal Data

PPO3ECt 10: 221-000 GROUP: CO It SEX: 1mL DAYS: ALL
FATES: IMROVRUt SACRIFICE

ANINAL ID. NO: 427 428 429 430 431 432

HEART NOwN N

EYE N m N H N

KIDNEY
Hyaline Casts 1 - 1 - 1 -

Tubular Hyperplasia 1 I I -x

Intratubular Minwralisatian I - I I I I
Lymphocytic IWiltrato - 1 - - - 1

ADRENAL N N N N N N

LIVER N N N N N N

STOrACH H N N N N N

DUODENUM N N N N N N

UR INARY ILADDER N N N N N
Concretion - P -
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INHWLAION WPOSRE STUDIES
VITH iP/DI COMBNUST ION PRODUCTS

PROJECT NUMBER L06139
PHASE Ililt STUDY 79-S

CONCENIMATION -- C3

Tabujiuted Animal Data ).'

PROJECT IN0 221-008 GROUP: C3 SEX: PALE DAYS: ALL
FATES: TERNiINAL SACRIFICE

ANIMAL ID. NO: 404 405 400 409 410 411 412 413 414 416

HNEA N N N N N N N N N N

EYE A N N N N N N N N N

K IUEY N N
Hyaline CIsts 1 - 1 1 - - I 1
Tublar Hyperplasia 1 - 1 . .. . 1
Intratubular Mineralization 1 1 - - 1 1 - - .
Lymphocytic Infiltrate I- 1 1 . .. . 1.

ADRENAL N 0 N N N N N N N
Accessory Cortical Tissue - P -.

LIVER N N N N N N N N N N

ESOPHAGUS N N N N N N N N N

STOWACN N N N N N N N N m N

mli
DUORN NN N N N N N N N

IJR!lAl BLADDER N A N N N N N 4 4 N
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IILAUTION EXPOUB STUDIES
WINh RPAR COMIUSTION PIOIKETS

PROJEL0 NUMH L06139
PHMSE III, STUDY 79-S

CONCEINITiON - C3

Tabulated Animal Data

PROJEC ID: 221-000 GROUP: C3 SEX: HALE DAYS: ALL
FATES: T•E ML SWRIFICE

A9IVAL ID. NO: 461 469 470

NEW N N N

EYE N N N

KIDKEY
Hyaline Casts I I I
Intratubular Nineralization - - 1

ADIIEAL N N N

LIMIE N N N

ESO11•US N N N ,

SYWIAH 0 N N

SIUoNE"U N N N

ORINY WLADER N N N
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IDNMATION UXPOSUR StUDIES
NItH i/Dt COW• ION PRO JI4,

?IrnCT MWIE L06139
Notu1 lilt STUDY 79-S

CONCM3ATION - C3

Tabjlotrwld Aknlumm Dota

PWECT 111: 221-000 R: 3 1 SEX: HALE DAYS: ALL
FATES: RECIY SACRIFICE

mNum ID. NO: 448 449 450 451 452 453 456 457 459 460

HL411 N N N N N N N N N N

EYE N N N N N N N N N N

KIMIY N
laline rCts - I I - - I I rvTYdulai Nyperplusia - l - - 1 - - - - 1

Intratubular mineralizatio 1 1 1 1 . . ..I1- .1
Lysphocytic Infiltrate . . . .. * - -

ADRENAL N N N N N N N N N
Accessory Cortical tissue .. . . . .. .-

LWiI N N N N N N N N N
,Smhacute ]Wamat~ion . . . . . . .. .1 -(.,

ESOPWAGUS N N N N N N N N N N
(qj.

S!ONA• N N N N N N N N N N-"•

DUODIUN N N N N N N N N N

UIT•L UBBDER N N N N N A N 0 N N
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DINWAATIM EXPOSURE STUDIES
WINH IP/I COIT ION PRODUCTS

FEWIC KNUMl L06139 -

rMSE III, STUDY 79-S
COCINIDATION - 03

Tabul~ated AnImam1 Data

P~ROJT ID: 221-08 MUM CQ I six: mul DAYS: ALL

rAM: W=Wvn SACaRcIE

ANIM AID. No: W1 462 463 4714

HEART N N 9 N

EYE N N I N

Hyalin. Casts 1 1 I
TblrHypffplasia I 1A1

Intrat~u~ar Nineralintion 1 1 1 1

ADRENA N N N N

LIEID N N N N

ESOFHAGS N N N N

STOWIc N N N N

IPADINJI N N N

URIMAY MLADER N N N O1
Comcetion p V P
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INHALATIWI EPOSURME SIDIm -

Vumh IP/IR MUWUSYIWO PtODUCyS " "
PROJECW NWMBER 016139
m l lilt STDY 79-$
CONCENTRATION - C3

Tmbua.ated AnimalL Data

PROJCT ID: 221-00 GR1J: C3 SIX; UL3 DAYS: ALL
* F~~ATES SFuNIANIMU DEATH

ANIMAL ID. NO: 73 141 202 296 303 345 349 3% 403 407

WEART N N
COfetghtofl1 2 - 2 1 1 2 1 1

EYE N N N 0 N N N N N

KIDNEYA
camgestioa 1 2 1 2 2 - 2 2 1
Intratubular Nineralization 1 . l l "

ADRENAL N A N
Congestio1

LIVER A A A A A A A

ESOPHIAGUS N N N N N N N,

STOAH A A A N A N N N A A

DUODENMW N N N N N N N N N
Autolysts . . .p.. . .. -

URINARY BLADDER N N N N IN IN IN N
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DN4ALW"TN IXPOSUI STUDICS
VITH VPIR C0MBUSTION PRODUCTS

PRO•KCTI M L0139
PHASE 1i1, STUDY 79-S

CONCrnUATION -- CQ

Tabulated Animal D.t~a

1rkOJECT ID: 221-000 GROUP: C3 SEX: NALE DAYS: ALL V
FATES: SPONANEO DEATH ~j

ANIMAL ID. NO: 415 417 454 455 458 467

HEART K
Comgtio 2 - 2 1 1 2

EYE N N N N N
CwAnt ion - - 2 - -K

Congestion . 1. .

Intratubula MSmr.lization -, 1 o 1

Corgustion 2 1 2 1 1

LIVIVA A A

ESOP* GUS N N N N N ,

STOIMCý A A A
DaJODDK~N N A N

Auttlysis -- - - P

URINA RY t N N A N "e:R,
Concretion - P -
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PATHOLOGY SYNOPSIS

No compound-related gross pathologic lesions were observed in Sprague-
Dawley rats from the experimental groups sacrificed after treatment which
they received, and the recovery groups sacrificed 14 days following their
last exposure.

Microscopic examination of the tissue did not reveal any treatment-
related changes in the trachea, pulmonary lymph nodes, nasal turbinates,
adrenals, urinary bladder, duodenum, esophagus, stomach, eyes, heart,
kidneys, and liver. Inhalation of RP/BR by female rats for 2.25 hours
per day for four consecutive days for four weeks at 0.75 or 1.0 mg/l
induced minimal to mild terminal bronchiolar fibrosis. The severity of
the lesions was slightly increased in rats that received 1.0 mg/l of
RP/BR. The treatment-related increase of peribronchiolar eosinophilicinfiltrate in treated rats did regress in the recovery groups of rats.

Vladislava S. Rac, M.S., D.V.M.
Scientific Advisor
Veterinary Pathologist

'48

IIt RESEARCH INSTITUTE
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GROSS NECROPSY OBSERVATIONS

Phase III Study Number 79SF

In accordance with experimental protocol, gross examinations of organs
and tissues were performed on 105 female Sprague-Dawley rats in the toxi-
cology group of Project L06139, Study Number 79, Supplemental (79-SF). The
rats were divided into seven groups each containing 15 female rats. The
rats were exposed to varing concentrations of RP/BR aerosol for 2.25 hrs/day
for four consecutive days over a four week period. Four of the seven groups
of rats were sacrificed on the day of their iast exposure, while the rats inthe remaining three groups (the recovery groups) were sacrificed 14 days --

following their last exposure. The groups, treatment, number of rats per
group, and corresponding exposure concentration levels are outlined below.

Exposure
Tre-tin'ent Number of Concentration

(roup Treatment Rats Levels (mg/l)

T)X-C 0  Filter Air 15 0.0
TUX-C 1  RP/BR Aerosol 15 0.40 W;_
TOX-C 2  RP/BR Aerosol 15 0.75
TOX-C 3  RP/BR Aerosol 15 1.00
R-TOX-Co Filter Air 15 0.0
R-TOX-C 2  RP/BR Aerosol 15 0.75 6

R-TOX-C 3  RP/BR Aerosol 15 1.00

MATERIALS AND METHODS .,

The rats were anesthetized with Nembutal exsanguinate by way of the
abdominal aorta and necropsied. The organs were examined and fixed in
10% neutral buffered formalin for a period of no less than 48 hrs before
further processing. The lungs were fixed by intratracheal perfusion of
formal in.

The following tissues were collected at necropsy. Tissues marked with
an asterisk (*) in the list below were processed by Histology, and the
resulting blocks were sent to EPL for further processing and microscopic
exami nation.

Skin/Mammary Gland
Tongue Ovaries Mandibular Lymph Nodes
Larynx Uterus *Eyes
Parathyroid *Urinary Bladder Brain
*Trachea *Stomach Cervical Cord
*Ejophagus *Duodenum Pituitary N.'

*He.r" Jejunum Ears (tag)

Thymic Ileum *Nasal Turbinates
*Lungs S.

434



*Respiratory Lymph Nodes Cecum Sternum
*Liver Colon Femur/Bone Marrow
*Kidneys Mesenteric Lymph

Nodes
*Adrenal Glands Skeletal Muscles
Spleen Sciatic Nerve
Pancreas Mandibular Salivary

G1landsI
A summary of the gross observations is presented for the rats killed immediately
after the last exposure and those killed after the recovery period, respectively,
i in the following two Necropsy Observations Tables.

PATHOLOGY RESULTS

Gross Observations: Treatment-related lesions were not observed either
in the exposure group sacrificed on the day of last exposure or in the
recovery group. The gross lesions observed were mild and seen with the same L
frequency in both the control and exposure groups. These lesions included:
dark red foci and grey areas in the l'ngs; dark red and enlarged mandibular
lymph nodes; mottled red thymuses and distended uteri.

SUMMARY AND CONCLUSIONS

Treatment-related lesions were not observed in either the exposure
groups sacrificed the day of the last exposure or those sacrificed 14 days
later. The gross lesions that were observed were mild and occurred with
similar frequency in both the control and treated groups.

I435
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EPL'

EXPERIMENTAL PATHOLOGY LABORATORIES, INC.

IITRI PROJECT NUMBER L06139
PHASE III STUDY 79-.SF

INHALATION EXPOSURE STUDIES
WITH RP/BR

COMBUSTION PRODUCTS IN RATS

* PATHOLOGY SUMMARY

Microscopic examinations were performed on selected tissues

from female Sprague-Dawley rats. The purpose of this study was

to evaluate the effects of exposure concentration and recovery

time of the repeated exposure of rats to combustion products of

Red Phosphorus/Butyl Rubber (RP/BR) on various biologic

endpoints. This report contains the histopathologic findings.

The experimental design for this study was as follows:

Treatment Code Concentration Recovery Number of
Group mg/L Rats

22 CO 0 No 15

23 Cl 0.40 No 15

24 C2 0.75 No 15

25 C3 1.0 No 15

26 CO 0 Yes 15

27 C2 0.75 Yes 15*

28 C3 1.0 Yes 15

* One of the Treatment Group 27 animals died spontaneously
before the completion of all exposures.

All animals were exposed for 2.25 hours per day for four

consecutive days for four weeks. Recovery animals were then

untreated for an additional fourteen days.
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All rats were necropsied and gross and histologic

evaluations of the respiratory tract were conducted. According

to protocol, the following tissues from all animals were trimmed A
and processed to paraffin blocks: trachea, pulmonary lymph nodes,

each lung lobe, nasal turbinates and gross lesions. The

following additional tissues were also processed to blocks from

all animals in Groups 22, 25, 26 and 28: adrenals, urinary

bladder, duodenum, esophagus, eyes, heart, kidneys, liver, and

stomach. The paraffin olocks were then shipped to Experimental 40

Pathology Laboratories, Inc. where hematoxylin and eosin stained

slides were prepared and examined.

RESULTS

The microscopic changes and a detailed listing of all

tissues evaluated are presented in the Tabulat.d Animal Datia
Tables. All lesions are summarized by treatment group and

presented in the Project Summary Tables. A correlation of

lesions okiserved at necropsy with the corresponding microscopic

observation, where possible, is presented in the Correlation of

Gross and Micro Tables. The gross observations in these tables

were transcribed from the necropsy sheets provided with the tS

paraffin blocks.

The primary treatment-related change seen histologically in

the study was in the lung and was diagnosed as "terminal

bronchiolar fibrosis" The lesion consisted of a minimal

thickening of the alveolar walls where the terminal bronchiole,

444 a-
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lined by cuboidel epithelium, joined the alveolar sacs. The

thickening consisted of a heterogeneous eosinophilic material N,•

compatible with collagen, containing small numbers of cells. All

animals which were sacrificed in the treated groups 24, 25, 27

and 28, both terminal and recovery sacrifices, had terminal

bronchiolar fibrosis. The lesion was generally minimal to mild

in Group 25 and 28 animals which received 1.0 mg/L. Animals in

Groups 24 and 27 had minimal terminal bronchiolar fibrosis which

was only focal or multifocal in some animals. More of the

treated animals had a peribronchiolar infiltrate of eosinophils

than did the controls. This was especially true of the Group 23

and 24 animals which received .40 or .75 mg/L respectively. The

treated recovery group tended to have less animals affected than

did the regular sacrificed animals.

No changes were seen in the additional tissues examined from

the control and high dose animals that appeared to be treatment

related.

All other changes seen in this study occurred in both

control and treated animals or were present in such low incidence

as to not be considered treatment related. P
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CONCLUSIONS

The results of these microscopic examinations indicate that

the administration of RP/BR to female rats for 2.25 hours per day

for four consecutive days for four weeks at 0.75 or 1.0 mg/L

produced minimal to mild terminal bronchiolar fibrosis. The .-.

lesion was slightly more severe in animals that received 1.0

mg/L. There appeared to be a treatment-related increase in

peribronchiolar eosinophilic infiltrate in treated animals that

seemed to regress during the recovery period. No treatment- A,

related changes were found in the tissues examined outside of the

respiratory tract.

w.o. Iverson,P . .M..
Diplomate ACVP

.'-- -4.~

41 7
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TABLE OF ABBREVIATIONS
FOR PROJECT SUMMARY TABLE

(COR) - CO Recovery Group

(COR) - C2 Recovery Group

(C3R) - C3 Recovery Group

No Ex - Number Examined

Lympho. Hyperplasia - Lymphocytic Hyperplasla

MAN LN - Mandibular Lymph Node

MAN SALIVARY GLAND - Mandibular Salivary Gland

Terminal Bronchiolar Fibro. - Terminal Bronchiolar Fibrosis

h %
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INHALATION EXPOSURE STUDIESW ITH kIPIB[ COMBUJSTION PR(ODUJCTS

FROJECT NUhIMER L06139
PHASE 111, STUDY 79-S.

Project S,.Jmmr.3ry T.,':,b .,e
SUAMRY: Incidence of NOW-NEOPLASTIC hicroscapic Firidinms'

PROJECT ID. NO: 221-009 FATES: ALL
DAYS: ALL SEX: FEiIALE

GROUP: 22 (CO) 26 (COt) 23 (Cl) 24 (C2) 27 (C2k) 25 (C3) 2 (C3MR)
NUhbEk OE ANIKALS: 15 15 15 15 15 15 15 (1.

t Z t $ Z 9 ; t Z t . 9 %

NASAL TURBINAIE - LEVEL I No Ex 15 15 15 15 1; 14 1.
hinreii.-ation 0 (0) 1 (7) W (13) 0 (0) , -,) 0 (0) 0 (0)

0 (0) 0 (O) 0 (0) 0 0O 0 io. I M7 0 %01

N'ASAL TURRINATE - LEVEL 2 ,o Ex 15 15 15 15 15 14 15
Hesorrrage 1 7) 0 (0) (0) 0 (0) 0 10 ', 2 (14) 1 17)

TRACHEA No E,, 15 15 15 15 A5 15

all PULNiNARY LYIP 1D No Ex 15 15 15 45 15W 15 1
Hemosrrhae 3 (20) 10 (67) 9 (601 9 (60) i,) t67) 9 (60) 10 -.67)
Lymphocytic Hyperpl.sia 12 (80) 11 (73) 6 (40) 7 (47) • ,3) 13 (37) 7 ,47,
Macropnage Hyperplasia 8 (53) 7 (47) 6 (40) 3 (:0 5 6 6 i53 3 (20)
Piqinent 4 (27) 5 (33) 3 (20) 1 (7) 7 (,47 5 (33) 6 (40)
Edevi 0 •0) 1 (7) 2 (13) 3 Q20) 5 (33; 1 (7) 5 (•-3)

LUNGI No Ex15 1s 15 15 511
Atelectasis 5 (33) 4 (27) 3 20) 5 (13) 3 (.^0) 6 (40) 4 (27)
Heaorrhage 2 (13) 2 (13) 0 Mv) 1 (7) 2 (13) 0 (0) 2 (13)
Focal Lyapnocyte Aq9regate 0 (0) 2 (13) 0 (0) 1 (7) . (0) 0 (0) 1 (7
Alveolar MacrophWn 7 (47) 6 (40) 4 (27) 2 (13) 1 07 2 (13) 2 (13i
Interstitial intlumation 6 1.40) 8 (53) 4 (2.7) 3 (20) 5 (33) 5 (33) 2 (13)
Tersinai Bronchiolar Fibro. 0 (0) 0 (0) 0 (0) 15 (100) 15 (100) 15 (100) 15 (100)
Eosirmphilic Infiltrate 2 (13) 4 (37) 10 (67) 12 (80) 5 (33) 7 (47) 2 (13)
Congestion 0 (0) 0 (0) 0 (0) 0 (0) 1 (7) 0 (0) 0 (0)

HEART NoS 15 E5 0 0 0 15 15 4..
hNner aliza.tion 1 (71 0 (0) 0 0 0 0 0) 0 to)

'fl 3martion i %7) 0 (0) 0 0 0 0 ' 0) 0 (0)

hbrocis 0 ) 1 (7) 0 V 0 0 t0) 0 (0)

EYE No E,. 15 15 0 0 0 15 15
Corneal Hyperpl.asi3 0 (0) 1 (71) 0 0 0 0 (0" 0 (0)

p4h8



INHALATION EXPOSURE STUmIES
WITH RP/BR CONDID'SION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-SE

Project Summan.ry T. ab le
SUMMARY: Incidence of NON-NEOPLASTIC Microscopic Firidin.3s

(ROJECT ID. 00: .221-009 PAlES: ALL
- IDAYS: ALL SEX: fEIALE

,ROUP: 22 (CO) 26 (COR) 23 (Cl) 24 (C2) , .-2R. 25 (Clo 28 (C3R)
NUMBE? OF ANIALS: 15 15 15 15 15 15 15

KIDNEY No Ex, 15 0 0 15 1,
1Cngei,.i 1 (7) 0 (0) 0 0 0 0 %0) 0 (0)

Hy'lirne .Csts 7 (47) 5 (33) 0 0 0 3 (20) 8• 3)
lubulIr Hyperplsia 2 (13) 1 (7) 0) 0 0 0 (0) 4 (27)
Intratuul.r Minerali:ation 3 (20) 5 (33) 0 0 0 1 (7) 2 (13)
Lymphocytic Infiltrate 2 (13) 2 (13) 0 0 0 1 k7) 0 (0)
Cyst 0 (0) 0 (0) 0 0 0 1(7) 0 (0)
1-bular VaCuoh3tion 0 (0) 1 (7) 0 0 0 0 O) , (0)

ADRENAL No Ex 15 15 0 0 0 15 15
Accessory Cortical Tissue 1 (7) 3 (20) 0 0 0 1 (17) 1 (7)
Conqestior, 0 (0) 2 (13) 0 0 0 0 (0) 0 (0)

LIVER No Ex1 15 0 0 , 15 i5
* Peritonitis 1 (7) 0 (0) 0 0 0 0 tO) 1 %7a

ESIPHA.US Ho -x 15 15 0 0 0 i5 15

C STZnMACH No Ex 15 15 0 0 0 15 15
E.(foli.uted Cells 0 (0) 1 (7) 0 , 0 1 a7 0 (D)

DUODENUh No Ex l3 14 0 0 0 14 15

UklNAki BLADDER No Ex 15 15 0 0 0 15 15
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INHALATION EXPOSURE STUDIES
WITH P.P/BR COMBUSTION PPOPUCTS

PROJECT NUMBER L06139
PHASE 111. STUDI 79-SE

Pro ject Sun-n.3ry T. -abeI
SUNARY: Iricidencu of NON-NEOPLASTIC Microscopic Findings

PROJECT ID. NO: 221-009 FATES: ALL
DAYS: ALL SEX: FENALE

6O'JP: 22 (CO; 26 (COP) 23 (Cl) 24 (C2) 27 (C2R) 25 (C3) 28 (C3R)
HUMBER OF ANIMALS: 15 15 15 15 15 15 15

# I # I # z & z #

OTHER IISSUES AND LESIONS:

MAN iN- Mcrophiage Hyperplasia 0 ,0) a (53) 0 (0) ( (13) 7 (47) 0 (0) 6 40o)
MAN N- Lymphio. Hyperplasia 1 (7) 9 (60) 5 (33) 3 (20) 9 (6k0) 3 (20) 7 (4711.
MAN LN- Heaorrhaqe 1 (7) 9 (60) 5 (33) 3 (20) 9 (Go) 3 (20) 7 (47)
MAN SALIUARY GLAND- Normal 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (7) 0 ,0)
TH4YAUS- Normal 0 (0) 1 (7) 0 (0) 0 ;0) 0 (0) 0 (0) 0 (0)
T4IY4LiS- Hemorrihage 0 i0) 4 (27) 2 (13) 0 ,) 5 (3~ 1 (7) 4 ~2')
UTERUS- Hydrooetri 1 (7) 4 (27) 2 13,) 1 (7) 1 (i3) 1 i7) 0 (0)
UTERUS- Cortqesti&, 0 (0) 0 (0) 1 M7) 0 ,0C 0 to) 0 (0) 0 ("6
UTERUS- Normil 0 (0) 1 (7) 0 (0) 0 (0) 1 7) C (0) (0 0)
MAN LH- Ldes.) 0 (0) 1 (7) 0 (0 %) 0 (0) 0 (C 0 (0) (C
cPLEEH- Congestion 0 (0) 0 (0) 0 (0) 0 (0) 1 •7 0 (0) .0 (0)
LIVL9- Conqestion 0 10) 0 (0) 0 (0) 0 (0) 1 ) 0 (0) 0 (0)1

'45
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TABLE OF ABBREVIATIONS
FOR TABULATED ANIMAL DATA TABLES

N - Normal

P - Present

U - Unsuitable

* - Tissue Not Available

1 - Minimal

2 - Mild

3 - Moderate
4 - Marked

Lympho. Hyperplasia - Lymphocytic Hyperplasia

MAN LN - Mandibular Lymph Node

MAN SALIVARY GLAND - Mandibular Salivary Gland

Terminal Bronchiolar Fibro. - Terminal Bronchiolar Fibrosis

45.
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INHALATION EXPOSURE STUDIES
WITH RPM/R CONDUSTIOI PRODUCTS

PROJECT NUMBER L06139
PHASE IIt STUDY 79-SF

Tabu a.uated Aruimal] i.týta

PROJECT ID: 221-009 GROUP: 22 (CO) SEX: FEMALE DAYS: ALL
PkaE 1 fEAES: TERfINAL SACRIFICE

AN IAL ID. NO: 355 356 357 358 359 360 361 362 363 364
NASAL TUEiBANATE - LEVEL 1 0. N N N N 0. N p a• N

NASAL TUIDIATE - LEVEL 2 H N N N N 0 " 0 ,Neaorrhage . ...- " •.

TRACHEA N N N N N N N N N H

PULnONARY LYMPH NODE N 4.'

Heborrh3ge - - - - - -

Lymphlcytic Hyperpl•as2
h.acroope Hyperplasia 2 - - 1 1 2 1 , -

pi-pent - - - - -

LUNG
Atelectasis $ . 1 1 1 ---

Hemorrnm3e - 1 i .. .. -.,
Alveolar hlacrophages . . . . 2 2 2 - 1 1
Interstitial Inflaswmtior, " - - 3 3 2 - 1 l
EosirA061ic Infiltrute . .-.. . . 1 1

HEART N N N N N N N N N '
zneralizati . . . ... . .-. .

EYE N N N N N N N N N 0

7
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INHALATION EXPOSURE STUDIES
WITH RP/NB COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE I11, STUDY 79-SF

T-buaa1.-ted Animal D a t a -

PROjECT ID: 221-009 GROUP: 22 (CO) SEX: FEMALE DAYS: ALL
PA)SE 2 FATES: TERIIOAL SACRIFICE

A•TIhAL I. NO; 355 356 357 358 359 360 361 362 3E3 64

L•ofl~st, flo --= I - -

Hyvilihe Casts 1 1 1 1 - 1 -

Tbul.r Hvperplasi.) [ - = - I - -

Irntr•tJbuir Miner al:•tion izal . -

Lypi"oc tic irflatr.3te I - -| 1 ,

ADRENAL N N N H N N 0 0. N
Accessory Cortic..l Tissu.e " " -P .

LIVERN N N . 4 N N N 1"
Perito• •tis - - -. ... .

ESOPHAGUS N N N N N N N. N N N

STOMACH N N N N N N N N N 0i

iIuc-DEiJ01 N N N N N A 4 A N N

P~~ji LADDER 0 N h Na N r
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WITH RPiR CONBUSTON P~oDROUC'TS

PIIC WMB'• L 6139MNAE III? STUDY 79-SE

'T-=bul.att.=d Ar, iaual D:ata-

PlOJECT ID: ;.1-009 riOUp: 22 (CO) SEX: EEtALE DAYS: ALL
PAGE 3 FATES: IERNINAL SACRIFICE

ANIBAL ID. NO: 355 356 357 358 359 360 361 362 363 364

OTHER TISSUES Ad LESIONS:

H AN LN- Lympho. hyperplasia - - - 2 - - - - -

MAN LN- Hemorrhaqe - 2 - - - - .
UTERUS- Hydrosetra - 2-

I-ý
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INHALATION EXPOSURE STUDIES
UITH RP/MR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-SF

Tabu I'' 1 -t1:aed An i m -'- t ,.a I , ..''a

PROJECT ID: 221-009 GROUP: 22 (CO) SEX: FEIALE DAYS: ALL
PAGE 4 FATES: TERNINAL SACRIFICE

ANIMAL ID. NO: 365 366 367 368 369

OASAL rURBINATE - LEVEL 1 0 N N N N

NASAL TURBINATE - LEVEL 2 N N N N

rkAcHEA N N 0 N N

PULMONARY L'I'H NODE
Hemorrhage 3 - i -

Lysphoctiuc Hiperplusi 1 2 - 1 2
s.acrophSe Hyperplassi - 2 1
Pi-gertt - - -

LUNG N N
Atelect.•sxs I- 1

AlveoluF hacrophaes - 2 - - I
Interstitial Intimation 2 -

HEAWT N N N N
Infl.nsation I - -

Q EYE N N 9 N N

KiIDNEY N 0
IHyaline Casts - I-
Intr tubuhr Minereliz.ution - - -
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INHALATION EXPOSURE STUDIES 1 Ž
WITH RP/L COMBUSTION PRODUCTS

PROJECT NUhBEk LC6139
PHASE Illp STUDY 79-SE

P103ECI ID: 2021-009 GROUP: 22 (CO) SEX: FEMALE DAYS. ALL
PAGE 5 FATES4. TERMINAL SACkIFICE

ANIMAL ID. NO: 365 366 367 368 369

ADRENAL N N N N N

LIVER N N N N N

ESOPHAGUIS N N N N N

S!OiACH N N H N N

IDiJDENUM N 0 N N N

4.56 l



A

INHALATION EXPOSURE STUDIES
WITH RP•/1 COMBUSTION PRODUCTS

PkOjECT ONMBEk L06139 4
PHASE 1II, STUDY 79-SE

TabuJ --stad A nt i m -a 1I'. Da t

PROJECT IN: 221-009 GROUP: 2% (CO) SEX: FEMALE DAYS: ALL
?A6E 1 FATES: RECOVERY SCRIEICE 4

ANIMAL IDo. ND: 415 416 417 418 419 420 421 422 423 424 1,1
J

ASAL UBiArE - LEVEL I N N N N N N N N N N

NASAL IURKiAfE - LEVEL 2 N N N N N N N N N N

TýACH•EA N N N N N N N 0 N N

PULM1NAk( LfthH NODE
Hemeornage 1 2 2 1 - I ! 1 1 t

Lysphocyt ic Hyperplsia - 1 - 2 1 2 2 - 2 2
Macrophage Hyperplasia 1 - 2 - 2 2 -I -

Pi•mert 1 1 1 - 2 - -

Edemai --- i

LUNG N N
Atelect.asis 2 1 - - - 2
Helorrhage - - l 1 - - -

Foceal Lymphocyte A99regate . . .. 1 -
Alveol.ar hacrophages-- - --
Irnterstitial Infhumitior-
Eosinopni lic Infiltrate I I . -

HEART N N N N N N N N N N
0.

E tE N N N N N N N N Ni

Cornel Hyperpl.sia - - - 2 - -

4
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IN14ALATION EXPIObURE STUDIES
0]TH kP/bk CONBUSTION PkODUCTS . I

PROJECT KUIBER L06139
PHASE 111, STUDY 79-S-

T. ,bu4 .1,ed Anrim.al £D.at:,

PROJECT ID: 221-009 GROUP:; A (CO) SEX: FEHALE DAYS: ALL
PAGE 2 FATES: RECOVERY SACRIf ICE

ANINAL 1D. HO: 415 416 417 418 419 420 421 4". 4"3 424

K~IDNEY 0 N N
Hyairne C.asts - - I I I I
Tubulir Hyperplasia - - - 1 .. . . •
lretratubular Hiner3a1h.)tior, - I - 1 - 1 - -

LyspnoLytic !nfi.trate 1 . . . . . . . ..I,,. -

Tubulhr Va.mu0l.3ton - 1 .... -

ADRENAL N N H N N M N
Accessory Cortical Tissue - =- P - P -'S

Congestion . .. . - - -

LIVER H N N N N H N N N

C5OPHAGUS N N N N N 0 N M N N

STGA~ACN N N N N N N N
E>folliteii Cells . .... - •

DO010EV H HN A N N N 0 N

"S.,' -'J

458.
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I-.,'LArION EXPOSURE STUDIES .
WITH RP/MI COMBUSTION HkIODUCTS

PkOjZCT HUMBiER L0W139
PHASE III, STUDY 79-SF

Taulajited Anialr.~ Da~ta

PROJECT [D: 221-009 GROUP: 26 (CO) SEX: EEMALE DAYS: ALL
PAGE 3 FATES: RECOVERY SACRIFICE

N

ANIMAL ID. NO: 415 416 417 418 419 420 421 422 423 424

OTHER TISSUES AND LESIONS:

MAN LN- Macrophige Hyperpaisia 1 2 - 2 2 -

MAN LN- Ly ipo. Hyperpl.sia 2 1 - 7'- ..-
MAN LN- Hemorth3ge 2 2 3 - 3 2
THIMUS- Norell .- P

-~~MS Hmrhg 2_-"- - 1,1 ',
UTERUS- Hydrooetr. 2 - - 4 -

UTEMU- Norvil - - - -

hAN LU- Ediem. - - - - - . I5

N

•,..•>.,-_

A.

%-.4 ..- I

459 • "-
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AhNsM-y"A.nt-wb~ r-V.tvýI--N.-.

INHtALATION EXPOSURE STUDIES .
WIfTH Rp/01 COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE 111, STUDY 79-SF ::~

Tabsalwted Animal~ Dta.t

PROJECT ID: 221-009 GROUP: 26 (CO) SEX: EMALS DAYS: ALL
PAGE 4 FATES: RECOVERY SACRIFICE

ANIMAL ID. NO: 42.5 426 427 428 429

NASAL TURBINATE - LEVEL 1 N N Nhn lerl lzt~ i• - -1"

NASAL TURD INATE - LEVEL 2 N N N N N

PULMONARY LYMIPH NODEN
H4eorrlhro. - - 1 2 -. V:.•d

Lyspocytic Hyperplisia 2 2 2 2

E~snohil• ~flttte- - - I• 2,LUNG
Ate1tetaii 2
Foc~il Lyaphocyte Aggegate- - - 1
Alveolar "topJa9es I I 1 1 2
Interstitial Inflauatioin 1 2 2 1 3
Eosinophi~li Intiitrate I

HEART N N N N

EYEN N N N

460 o
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10-1ALAI ION E00Q$URE STUI; ILI

PHASE III. SMUY '9-;[

?6X ID: .1.1-C(9 GROUP, Z6 (Co) SEX: FEMALE .A; U
EA'lE 5 EAIES: RECOVERY SACRIFICE

ANIKAL 10. NO; 425 426 427 428 429

1ritr.tub'JII iir h eraienntior,
Lyapnocytic Irifiltrne I - - -

AD~RENALN H
ke~e-wry Cortacl TissP -

L V. ER 4 m N 0

!jI(ImAR( BLADOCR a N N

461



INHALATION EXPOSURE STUDIES
WITH RP/MR COCDUSTION PRODUC15

PkOJECT MNUBER L0b639

PHASE 111, STUDY 79-SF

Tatosal.te<i Arstonoai Da3ta

.,kOJEC! ID: 211-009 GRIOJP: 26 (CO) SEX: EMALE DAYS: ALL

GE FATES: RECOVER*( SACRIFICE

ANMLI.NO: 42 5 4'6 4 7 4218 429

OTHI ER, IISSUES nND LC3SIOS:

AAN LA- m~ciopliage Hyperpljýiis±2 2
.N Lw- Lympsio. y a4

V• I . "

1162, %%.

. (*. .% %-

-l* * " -"..?-
-I, %

a6 t • • _



INHALATIOI EXPOSURE SIUDIES
WITH RP/iR CONBUST1ON PRODUCTS ON

PROJECT NUMBER L06139
PHASE III, STUDY 79-SE

lT.abul -a ted -An.I m -a I Ela -a •

PROJECT ID: 221-009 GROUP: 23 (C1) SEX: FEMALE DAYS: mLL
PAGE 1 FATES: TERMINAL SACRIFICE

ANIMAL I. HO: 370 371 372 373 374 375 376 377 378 379

NASAL IURBINAE- LEVELI N N N N N 0. 0 ,
hirieraliztiornI - - - -

NASAL tlRBIl0AE -LBEVL 2 N N N N N N N N " U

?ULOO)AIRt LIMPH NODiE
twurrfla3 2 2 1 - - 1 1 - I
Lyiphocytie HyperDsl3s "- 1 i - - 1 -

,1icio.i.a.ae Hyper.lisi i - - - 2 2 -

. n 1 1 . . . . . .- -.

-e- - - - lI - -

Atelect.asiý I - .. .. •' ,
Aleoi ir ?.acrophawes - I - - -

Irterstlt1l~ Irfl.•m.•ation 1 - 2 - - -

Eosiriophilc Infiltrato 1 1 1 -1 - ..' .. •

463 .,
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INHALATION EXPOSURiE S70DIES
WITH RPIMR CO?,USTION PkOI'UCT s

PROJECT NUIIBER L06139
PHASE 11, STUDY 79-SE

Tabulatead An ita!!1 D ,.t~a

PRO3ECT-ID: 221-009 -GROUP:-23 (CI) SEX:M FEKALE DAYS: ALL r
PAGE 2 FATES.' TERNINAL SAiCRIFICE

ANIMAL ID. NO: 370 371 372 373 374 375 376 377 378 379

OTHER TISSUES AND LESIOHS:

MM4N LM- L-!ono. Hyperpl.si.a- 4 2 - - - -

MWN LN- Heborro3qe- 2 2 2 - - - - -

UTERUS- Hydroretra -. .. ..
UTEEUT'- Conqestior- - 3 - -'

W.~

I, .'%"



INHALATION EXPOSURE STUDIES
WITH RP/BR COBUST ION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDTY 79-SF

T.ab-uIl ate,:l Ar, .mai 1 :1 a t, a

PkO3ECT I-: 221-009 GROUP6: 23 (Cl) SEX: FEMALE DAYS: ALL
PAGE 3 FATES: TERAINAL SACRIFICEI

4NIMlAL ID. NO: 380 381 382 383 384

NASAL TURBINATE - LEVEL I N N N N
Mlineral1ization - - -

NASAL TUFBINATE -LEVEL 2 N N N N IN

ThIACHEA 0 N H~ 0 N

PUL.ONARY LYMPH NUDE
iaeorrhir - - - 1 1

Lvaphocytic Hyperpl.asia. 1 2 2 - "
n .acropt )e Ryperolmi1 I

.en- - I"

LUNGNA te l e c ti i -.2- - -. .

Alheojir ,icroon.nes - i I -

interstitiaii lrofhmmitioii-
osiiophilic Infi~ltrate

I..:,

I4-4 6 5 ; .• .



IN$4LAT ION EAPOSURL 51tUDIts

WITH PPiOR COMBUSTION PROD'UCTS
PROJECT OB~ER L06 139
PHASE 111, STUDY 119-SF *7

T--subatj.%--ed Arrnimal D-a+, a

PROJECT IN: 221-009- GkOUP:23 (Cl)- SEX: FEMALE DAYS: ALL 4
PAGE 4 FATES:. TEkMINAL SACRIFICE

ANIKAL ID. NO: 390 381 3 8" 383 384

OTHER TISSUES AND LESIOrS:

IIA1 LII- Lympho. Hyperphisia- - 2 1
hAtN LO- Hesorthne- 1 3
THYNIJS- Remorrhage - - - 2 2
UIERML- flydirovetr 2 - - -

466



INHALATION EXFOSUR STUDIES
WITH kP/ib COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III. STUDY 79-SF L-'...

P:OIECI ID; 221-009 GROUP: 24 (C2) SEX: FEMALE DAYS: ALL

PAGE I FATES: TERMINAL SACRIEICE

ANIMAL ID. NO: 3 .• 386 387 388 389 390 391 .3921 393 394-..

NASAL TURINATE- LEVELl N N N N N N N N - A N 0

ASAL TURBINATE -LEVEL2 0 N N N N N N N N N

!1HEA N N N . N 0i N N- - ,.,

LlUNGA LYMPH NODE N

4emorrhaqe 1 2 1 1 1 - I-
Lympnocytic Hyperplisiai - 1 - - - 1 2 2
Nhcropnipe Hyperplasia - - - - - I - - - -'' ~

Edema I -- - -

LUNGI
Atelectasis I

Alveolar nacrophaes ... . . - -
Ircterstitial Irfli•mation - 1 - - - " -

terminal Ibronchiolu Er. 1 I 1 1 1 Fit-to.
Eosirtophilic Infiltrate 1 2 1 1 1 - 2 1 1

-674.30-'. 4



INHALATION EXPOSURE STUDIES
WITH RPik/ CONIDUSTION flkO['ULTS

PROJECT NUMBER L06139PHASE lilt STUDY 79-5F • .

T abu Iat.%-d A rm i m•k. a I I D• ab t a

rROJECT ID: .21-009 GROUP: 24 0C2) SEX: FEMALE DAYS: ALL
PAGE 2 EArES: TERMINAL SACRIFICE

ANIMAL ID. NO: 385 386 387 309 3B99 390 391 392 393 394

OTHER TISSUES Ad LESIONS:

AAN LN- Macrop•aSae Hyperplasia 1 -- -.- -

lAAN L0" Lympho. Hyperpl1isia 1 - -

",..' %.s

PAN~~•m -r oarha

468..
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iNHALATION EXPOSURE STUDIES ,'"-
WITH RP.,'R COMOUST ION PRODUCTS.,

PROJECT NUMBER L06139
PHASE IlI, STUDY -9-SF

Tab.uiated An i ma•l Da-ta _v,

PROJECT ID: 221-009 GROUP: 24 (C2) SEX: FEftALE DAYS: ALL
PArE 3 FATES: TERNINAL SACRIFICE

ANIMAL ID. NO: 395 396 397 398 399

NASAL TURBINATE - LEVEL I N N N N a

NASAL TURBINATE - LEVEL 2 N N N N 0

t RACHEA N N N N N

PULhONARY LYTPH NODE
Nenoz' r h~e- -":

Lymphocytic Hypetplasia 1 3 - -

Macrophaie Hyperplasia - - - 1 1
Edema - 1 - 1

LUNG
Atelectasis - - - - 1 I
Focal Lymphocyte A99rep.Ite - 1 - - ,
Alveol~r iIacrophaqes - I - -

itir•tiuil In/lismitior, - - 1 - "
terminal Bronchiolir Eibro. I 1 1 1 ,
Eoinophilhc Inf1itr~.te I 1 "

46



INHALATION E.AOURE bIUINIES
WITH RP/Bk COhBUSTION PIODUC'S

PROJECT NUMBER L06139
PHASE 111, STUDY 79-SE

T.ab:ul.at, e" AniXmal ID.+ýa

PkOJECT ID: 221-009 GROUP: 24 (C2) SEx: EMEALE DAYS: ALL
PAGE 4 FATES: TERNINAL SACRIFICE

ANIMAL ID. NO: 395 396 397 398 399,j

OTHER TISSUES AND LESIONS:

MAN LN- Macrophage Hyperplasia - - I - -
MAP LN- Lympho. Nyperpl.si.i 3 - 3 - -
dA0 LN- Heworehage 2 - 3 - -

UTERUS- Hydroaetra - - 3 -

I4Li

~.I

•7o .'



INHIALAT ION EXPOSURE rtL
WITH -ý(F/14 [OhrISTION FkODUCIT'

PROjECT NUMBER L06139
PHASE IIIt ShuE'y 79-sr

~1JETI3;21-00j9 'ROUP: ý1 lc.ý SEX: FEMALE i:AY34 ALL
IýAGI E4ES: RECOvERY SACRI&FE. SFONTANL~OOS 1[CArH

SANIMAL ID. NO: 430 431 432. 433 434 4 05 436 4137 438 439

NASAL TURBINAIE -LEVELL I N k N N N N N N N A

NSLUN~u BINAUtLEVEL 2 A N N N N e4

CikHEA N N N N N N d N r

4'm0pnocytic ~i~yirpb~sia 'N 1 1 2;.)ýiuni~ hepephsi
ell,-

Spnaneoust3 N DeathI - -

i 4(t- - -

E~ea~2 - I - - -471



INHALATION MXOSURE STUDIES'
W11H RM C*OMMUON .30DuCTS

VROJECT 0Ufl1ER L0613')
PWt>E Ill. SIMD 19: 1;[

PkO3ECI ID. 3221-009 GROUP: 27 (C2) SEX: ~ENALE [DAYS: ALL
P~AGE F ATES:4 RECOVERY SACRIFIC9,PONTAMEDUS DEATH

ANIhiAL 10. HOZ 430 431 432* 433 434 43e 43jý 4,7 430 439~

-)THID TiSSIJIS AND LESIONS:

MiAN LN- mrona~oiqe Hv'peroImia 1 2 - -- -I

MNLO- Lyopno. Hyperfp1 3s 3 3 - 3
~A~oLd- Humme- 3 2 2 - 2 - 3

*Spontaneous Death

472S



INHALA•ION EXPOSUkE FU40ES
WITH kPiFk coiUSTI]ON F'HPODU'CTS . ,

PROJECT NUMBER L06139 .,PhA•SE Ili, ST'UII 79-SF,,.x,••.

'ýROJELI Al: 221-009 O.OUP: 2. (C2) SEX: VEMALE [hAs; ALL
FATES: RECOVERY SACIIF ICE, SPONTAdP.OIS iEA!H

AN14AL ID* •0: 440 441 442 443 444 , \

,'SA$•L T•RDiNATE - LEVEL I ne N N N .

NASAmL DAIE - LEVEL 'N N N " N

,,. -,ANNN-o
,,, -, -, .

TRACHEA N -"

SUL63kt L"mH 40DE

I I rophI)9e Hy 2~ur 
perpla

LUNG

Intersutnil Ate.s~to - I -

-"iirs ~Flc- 'riM ro. I I

£.~~I~'D111Cmu 1nt~ - -473



INHALA0II! ErXPOSO STUDPIES
WITH Vli P11 C00,1510 100 VOICTSiROjECIT rvl.m!0~ L061 19,..,•,,•••",

PHASE 1. STUI• •)-SF"

,',,,' .'-

PROJECT lit: Z.31-009 QkOUP: 27 (C2) SEXt MEAIE 115t ALL .'

PAGE 4 FAUES: RIcOVEki DCEATOHTAN•OUS IIH

ANIMAL I. NO: 440 441 442 443 444

OiTHIP TISSUES AND LESIONS:

MAN LN- tiaroprIae Hyperplasia 1 2 -

M¶AN LpN- Lybpno. Hyperplls1. 1a3
%mAN IN- Hemerrhaqe 2 3 2 -
TH06J- nemorrh,9 L 1
UTERUS- Hvdroetr- 3 - 3 ,,,

U~~~~ I- E -o li

4744
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INHALATION EXPOSURE STUDIES S .
W1ITH RPi1>R COMBUSTION PRODUCTS ' -

PROJECT NULBEk L06139
PHASE III, STUDY 79-SF

Tabulated A n t m a D ata

PROJECT ID': 421-009 GROUP: 25 (0) SEX: FEMAL.E D'AYS: ALL
PAGE I FATES: TERMINAL .SACRIICE

ANIhAL ID. NO: 400 401 402 403 404 405 406 40? 408 409-

OASAL rUkOINATtr - LEVEL I N A N d N4 9 N

Exun~te - ---

OASAL rURUINATE LEViLI N A N N N

PULAONARI LNPH NODE
Hemorrnag 1 - - 1 1 - "
Lymphocytic H~perplas 1 2 1 1 2 1 -1 .
Microphage Hyperplisa - 1 1 I 1 -

Pi3ment - 1 -I - ,

LUNG

A1heolar ftý-opnv~es I - - - -I -

Terminal Promcruolar Fibto. 2 2 1 3 1 1 1 1 2 1 , .

HEAkI N N N • N N N N

EYE N N N N N N N 0 N N

4~75
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INHALATION EXPOSURE STUDIES
WITH P.P/Bk COMBUST ION PRODUCTS

SPOJECT NUMBER L06139
PHASE Iil, STUDY 79-S5

T-abulh-3ted Arn ima1 D.at.a

PROJECT ID: 221-009 GROUP: 25 (C3) SEX: FEMALE DAIS: ALL
PAGE 2 FAUES: TEIRINAL SACRIFICE

ANIMAL 1D. NO: 400 401 402 403 404 405 406 407 408 409

KIDNEY N N N N N N N
pHy!iie Cists - - - - -

Iritratubular Mineralication - 1. . . . .
Lymphocytic Infiltrate -- 1 - - -

Cyst - - - - P - -

ADRENAL N N N N N N N N N
Accessory Cortic.31 I•..ue - - P

L IVER N N N N N N N N N a

ESOPHAGUS N N N N N N N N N N

S-1hACH N N N N N N N N N N

UUODENUM N N N N N N N N

UR.INARY BLADDER N N N N N N N N N

44
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INHALATIOH EXPOSURE STUDIES
WITH RF!D/R CONDUSTION PRODUCITS

PROJECT NU1MBEi L06139
PHASE I1, STUDY 79-SF

Tabu Lat1ed Animal. lata

FROJECT ID: 221-009 GROUP: 25 (C3) SEX: FEMALE DAYS: ALL
PAGE 3 FATES; TElMINaL SACRIFICE

ANIMAL ID. NO: 400 401 402 403 404 405 406 407 408 409

OTHER TISSUES AND LESIOIS:

MAN LN- Lyspho. hyperplasia 2 - -

MAI LH- He-norrni 3 - -

% .7

4774



INHALATION EXPOSURE STUDIES
WITH IP/BR CONMSTION PRODUCTS

PROJECT NUMBER L06139
PHASE Ill, STUDY 79-SF

Tabu lated Animual u ami 4

PROJECT ID: 221-009 GROUP: 25 (0) SEX: FEIMAE DAYS: ALL .

PAGE 4 EAIES: TERMINAL SACRIFICE

ANINAL ID. NO: 410 411 412 413 414

NASAL TURD INATE - LEVEL I N N N N N

NASAL TURB INATE - LEVEL 2 N 0 N

Hmeorrhage - - - 2

TRACHEA N N N N ,

PULiOWARY LYMPH NODE
Hemor•hage 2 1 1 - i
Lymphocytic Hyperplusi.a - 1 1 1 1
fiacrophaga Hyperplasia - 1 1 1
Piqment 2 2
Edema 2 - -

LUN6
Ateiectasis - 1 1 - -

InterstitnIl Ir, lhmation - I I -

Terminal brmncniolir Fibro. I I I I I-
Eosinophilic Infiltrate 1 1 - 1 -

HEAR! N N N N N

EYE N N N N N

K IDNEY N N N
Hyaline Casts - - - 1 1

47B*



INHALATION EXPOSURE STUDIES
WITH RP/pk COMBUSTION PROUCTS

PROJECT NUMBER L06139
SPHASE III, STUDY 79-SE

T3abuI ate-d Are imal D.at-a

PROJECT ID: 221-009 GROUP: 25 (C3) SEX: FEMALE DAYS: ALL
FPAE 5 FATES: TERMINAL SACRIFiCE

ANIMAL ID. NO: 410 411 412 413 414

*ADRENAL N N N N

LIVER N N N N N

ESOPHAGUS N N N N N

STOMACH N N N N
Extolimited Cells - - - 2

*
D'UODENUM N N N N N

URINARY BLADDER N N N N N

0�J 479



INHALATION EXPOSURE STUDIES
W ITH RP/Di COMBST ION PRODUCTS

PROJECT NUMBER L06139
PHASE 1II, STUDY 79-SF

Tabulated Anim.al Data

PROJECT 1D: 221-009 GROUP: 25 (C3) SEX: FEMALE DAYS: ALL
PA6E 6 FATES: TERMINAL SACRIFICE

I',.

ANINAL ID. NO: 410 411 412 413 414

OTHER TISSUES AND LESIONS:

MAN LN- Lympho. Hyperplasia 2 - - 3 -

M LN•- Hemorrhage 3 - - 3 -

KAN SALIVARY GLAND- Normal p - - - -

THYIUS- 1Herohage - 1
UTERUS- Hydrosetra 1 -.

'Al

A',

wits

480
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INHALATION EXPOSURE STUDIES
WITH RP/BR COADUST ION PRODUCTS

PROJECT NI•MBER L06139
PHASE Ii, STUDY 79-$F

Tr-abu l 1 ats-d An im-o a 1,a t a I
PROJECT ID: 211-O00? GROUP: 28 (C3) SEX: FEMALE DAYS: ALL .
PAGE I CATES: RECOVERY SACRIFICE

ANIMAL iD. NO: 445 446 447 448 449 450 451 4%' 453 454

NAbAL URBINATE - LEVEL 1 r a N 14 N 0 N N N N

NASALU rUBINATE - LEVEL 2N N N N 0 N N N IN ,1

TRACHEA N N N N N N N N N N

PULMONARY LYMPH NODE li
Hesorrhaqe l 2 1 1 1 - - I I
Lysphocytic Hyperplusia - I - - 1 - I - I
macrophage Hyperplasia - i 1 - 1 - -I

Edeli - I - 2 1 - 3

LUNG
At$elect'asks - l - - I '
Focal Lymphocyte A4gregate - - I "
Alveolur a.ucropha9es - - 1 - 1
Iriter-tittul Iri'lailtion -.. -. I I - -

Tersinul Pronch•loar Fibro. I I 1 2 1 1 1 1 1
Eosiriophilic Infiltrnte - - 1 - -

HEART N N N N N N N H N N

EYE N N N N N N N N N

i~eA



IN4ALATION EXPOJRE STUD IES
WITH RP/14I COMMION PkOQUUCTS

PROJECT NUNBER L06139
PHASE 111, SIUDY 79-SF

PROJECT ID: "01-009 GROUP: 28 (C3) SEX: FENLE D'AYS: ALL
PAGE 2 FATES: RECOVERY SACRIFICE

ANINAL ID. NO: 445 446 447 4,8 449 450 451 452 453 454

K IDNEY N N N N H
Hyrlie Casts - I 1 1 1 -I
Tublar Hyperplasia * - I - 1 1 1 " -

AELRENAL N N N N N N N k N N

4,-
L !VER N N N N A N N N

Peritoniti;, .. .. '

E 5 Nl pf Hoi 500 N Ii N N~

STGNACH N N N N N N N a N N

DUODE•UM N N N N N N N N N 14

UR INAkY BLADDFER N N N N N N N N N 0

'I..

00.-

482



INHALATIO EXPOSURE STUDIES

UITH RP/PR COMMSTION PRODaUCTS
PROJECT NUMBER L06139
PHASE 111. STUDY 79-S$

PROJECT ID: 221-009 GROUP: 28 (C3) SEX: MEMALE DAIS: ALL
PA'GE 3 EATES: RECOVERY SACRIfICE

ANIMAL ID. NO: 445 446 4477 440 449 450 451 452 4S3 454

OTHER TISSUES AND LESIONS:

MAN LN- i.3croptlqe 1ype.rpIi.iu - 2 - 1 - 1
MANl LN- Lympho. Iiyperphsl - 2 3 4 " 4
MAN LN- Hemorrh.3qe - 3 3 S - 3

hIUS- Heovrge - . -4
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INHALATION EXPOSUkE STUDIES
WITH kPiDk COMBUSTION PkRO14CIS

PROJECT NUhBER L06139
PHASE 111, SiUDY -9-5F

T.aI:,,lateoJ A,,ioa.-l £,.lata•,•

MiOJECt IN; 22,1-009 GROUP; "8 QC) SEX; FEMALE DAYS: ALL
PAGE 4 FATES: RECOVERY SACRIFICE

ANIMAL ID. NO; 455 456 457 459 459

NASAL TURBINATE " LEVEL I N N N N N

NASAL Tt0kIINATE -LEVEL 2 N N N NHeoreo rn~ge - - - I

TRALHEA N N N N N

IUL,1ONARY LYMPH NODE
Heaorrhae 1 - 1 3 -

Lyaphocytic .iDporplnia

Eden -

LUtI4

Hematr n~e 3 3
Ierlnal Broncnimolar F.bro. I I I I I

HIEWR N N N N N

0E N N N N N

KIDNEY
Hy.iline Cists I 1 1 4 P;

Intratutular Minerali•ation -n1 1-

4'

484 I--



irHALAT ION EXPOSURE S!UlI.S"
WIlTl PI'/ilk COMI•USHTON l'kObucaS

PkOJECt NUMBER L06139PHASE ! III STUDYT 7.q-Sr",'

T.-a u IL ated A- ma , E. t--"

ROJECI ID: '-21-09 GROUP: 28 (C3) SEX: FEMALE DIAYS: ALL 'C.,,--
PAGE 5 EATES: RECOVERY SACRIFICE

AIMAL IN. NO: 455 456 457 458 459

ADRENAL N N N N
Acces•o•ry Coticil Tissue - -

LIVER N N 0 N

MhOfiAkUS N N

STOMACH N N 0 N 0

DUOPEiNUti N N N N r

URINARY BLADDER N N N N N

95
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INHALATION EXFOSIJR SNOWL'
WITH IkP/Pk COhBUSTION PkODUCTS

PROJECT NMiUI• L06139 ,
PHASE 11, STDLIY "'9-S

T~a b u l a.zt e d A nm :L m .a I E a a A-,...a ,-%

P'ROJECT ID: 2,21-009 6ROUPM 8 (C3) SEX: FEMALE IAifS: ALL

PACE a FAIES: RECOVERY SACRIFICE

ANIMiAL Ili, 001 455 456 457 458 459

UTHEkR TISS•ES AND LESIONS:.

"M1N LN- Marophae Hyperplaska i - -
--,,

MIAN LN- LyHpmo. Hyperplasia 4 3 "
MAN LN- Hetorthmqe a 2 - -
MA•US- HemorrhI3e - - - "".*

-% .,

a %' 4%

'*. Z .
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IN14ALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-SF

Cok-ze atlon off G~oss & Mi c,-o

PROJECT ID: 221-009 GROUP: 22 (CO) SEX: FEMALE DAYS: ALL
PAGE 1 FATESs TERMINAL SACRIFICE

ANIMAL NO: 355 PATHOLOGIST: WOI

ANIMAL FATE: TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 356 PATHOLOGIST: NOI
ANIMAL FATE: TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 357 PATHOLOGIST; W0I

ANIMAL FATE: TERMINAL SACRIFICE

REFERENCE TO NECROPSV RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 358 PATHOLOGIST: Hot

ANIMAL FATE: TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)LUNG: Several Dark Red Foci On LUNG- Hemorrhage
Lungs
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-SF

Correltatio of Gross & Micr.o

PROJECT ID: 221-009 GROUP: 22 (CO) SEX: FEMALE DAYS: ALL
PAGE 2 FATES: TERMINAL SACRIFICE S

ANIMAL NO: 359 PATHOLOGIST: WOI
ANIMAL FATE: TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY: 4
>MANDIBULAR LYMPH NODE: MANDIBULAR LYMPH NODE- Hemorrhage
Mandibular Lymph Nodes - Dark Red

>LUNG: Lungs - Scattered 1.0 To LUNG- Interstitial Inflammation
2.0 mm Raised Gray Foci

ANIMAL NO: 360 PATHOLOGIST: WOI

ANIMAL FATE: TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>LUNG: Lungs - Left Lobe 0.3/0.3 LUNG- Interstitial Inflammation
cm Raised Gray Area Along
H/Several Smaller Areas
Scattered About Q 0.1/0.1 ca

>UTERUS: Uterine Horns Distended UTERUS- Hydrometra

ANIMAL. NO: 361 PATHOLOGIST: W0I

ANIMAL FATE: TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>LUNG: Several Pinpoint Raised LUNG- Interstitial Inflammation
Gray Loci

488
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-SF

Corr-eatioin of Gross & Micro c

PROJECT ID: 221-009 GROUPs 22 (CO) SEX: FEMALE DAYS: ALL
PAGE 3 FATES: TERMINAL SACRIFICE

ANIMAL NO: 362 PATHOLOGIST: WOI
ANIMAL FATE: TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 363 PATHOLOGIST: OI
ANIMAL FATE: TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 364 PATHOLOGIST: WOI

.ANIMAL FATE: TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 365 PATHOLOGIST: WOI
ANIMAL FATE: TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-SF

Corraetcion of Gross & Micro

PROJECT ID: 221-009 GROUP: 22 (CO) SEX: FIMALE DAYS: ALL
PAGE 4 FATES: TERMINAL SACRIFICE

ANIMAL NO: 366 PATHOLOGIST: OI
ANIMAL FATE: TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORD& RELATED HISTOPAnIOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 367 PATHOLOGIST: WOI 4
ANIMAL FATE: TM-MINAL SACRIFICE

REF R'f TO NECROPSY RECORDs RELATED HISTOPATHOLOGY:

)NO OBS&WABLE ABNORMALIT z. * NOT APPLICABLE

ANIMAL W0, 368 PATHOLOGIST: OI

ANIMAL FATE: TERMIh L, •A.. FICE

REFMIENCE TO NF 0-",; CORD: RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNCRMALITIES. NOT APPLICABLE

ANIMAL NO: 369 PATHOLOGIST: WOI
ANIMAL FATE: TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HTSTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-SF

Correlation of GrC;o & Micro D

PROJECT IDt 221-009 GROUP: 26 (CO) SEX: FEMALE DAYS: ALL
PAGE 1 FATES: RECOVERY SACRIFICE

ANIMAL NO: 415 PATHOLOGIST: 1401
ANIMAL FATE: RECOVERY SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:'
1.D

)MANDIBULAR LYMPH NODEt Dark Red MANDIBULAR LYMPH NODE-
Hemor rhage

>THYMUS: Dark Red THYMUS- Hemorrhage

>LUNG: Lungs - Mottled Red NO COROLLARY CHANGE DETECTED

>UTERUS: Dilated NO COROLLARY CHANGE DETECTED

I. .K

ANIMAL NO: 416 PATHOLOGIST: 401
ANIMAL FATE: RECOVERY SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)MANDIBULAR LYMPH NODE: Red MANDIBULAR LYMPH NODE-
Mandibular Lymph Nodes. Hemorrhage

ANIMAL NO: 417 PATHOLOGIST: 401
ANIMAL FAT.:s RECOVERY SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>UTERUSt Horns Distended Contains UTERUS- Hydrometra
Clear Fluid

4.9



INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-SF

Cc-rxe1a~tiori or f Gross & MiLcwo e

PROJECT IDs 221-009 GROUP: 26 (CO) SEX: FEMALE DAYS: ALL
PAGE 2 FATESs RECOVERY SACRIFICE

ANIMAL NO: 418 PATHOLOGIST: OI
ANIMAL FATE: RECOVERY SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY: I,.,

>THYMUS: Red Foci NO COROLLARY CHANGE DETECTED

>DUODENUM: Separated From Stomach No Section

ANIMAL NO: 419 PATHOLOGIST: WOI

ANIMAL FATE: RECOVERY SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY;

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 420 PATHOLOGIST: 0I""
ANIMAL FATE: RECOVERY SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>MANDIBULAR LYMPH NODE- Dark Red No Section

>THYMUS- Mottled Red THYMUS- Hemorrhage

>LUNG- Cardiac Lobe Of Lungs - NO COROLLARY CHANGE DETECTED
Red Focus

>UTERUS- Horns Distended And UTERUS- Hydrometra
Filled With Fluid
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INHALATION EXPOSURE STUDIES
HITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-SF

S.

*Corre1.atiorx or Grons & Mico

PROJECT IDs 221-009 GROUP: 26 (CO) SEX: FEMALE DAYS: ALL
PAGE 3 FATES: RECOVERY SACRIFICE

ANIMAL NO: 421 PATHOLOGIST: i WI
ANIMAL FATE: RECOVERY SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>THYMIC LYMPH NODE: Thymic Lymph No Section
Nodes - Dark Red.

>MANDIBULAR LYMPH NODE: MANDIBULAR LYMPH NODE- Hemorrhaqe
Mandibular Lymph Nodes - Dark
Red.

-I"

ANIMAL NO: 422 PATHOLOGIST: WOI r
ANIMAL FATE: RECOVERY SACRIFICE

REFERENCE TO NECROPSY RECORD; RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

*

ANIMAL NO: 423 PATHOLOGIST: NOI
ANIMAL FATE: RECOVERY SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:,C
>MANDIBULAR LYMPH !?ODE: MANDIBULAR LYMPH NODE:
Mandibular Lymph Nodes - Dark Hemorrhage; Lymphocytic
Red, Enlarged Hyperplasia

493
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-SF

Correl3ationm of Gross & Mic:r

PROJECT IDs 221-009 GROUP: 26 (CO) SEX: FEMALE DAYS: ALL
PAGE 4 FATES: RECOVERY SACRIFICE

ANIMAL NO: 424 PATHOLOGIST: W0I

ANIMAL FATE: RECOVERY SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>MANDIBULAR LYMPH NODE: Dark Red. MANDIBULAR LYMPH NODE- Hemorrhage

>THYMUS: Mottled Red. THYMUS- Hemorrhage

ANIMAL NO: 425 PATHOLOGIST: WOI
ANIMAL FATE: RECOVERY SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)MANDIBULAR LYMPH NODE: MANDIBULAR LYMPH NODE-
Mandibular Lymph Nodes Dark Red Hemorrhage

>UTERUSt Dilated And Filled With UTERUS- Hydrometra
Clear Fluid

ANIMAL NO: 426 PATHOLOGIST: WOI

ANIMAL FATE: RECOVERY SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)UTERUS: Uterine Horns - UTERUS- Hydrometra
Distended With Clear Fluid.

>OVARY: Left, Small. No Section

>MANDIBULAR LYMPH NODE: Dark Red MANDIBULAR LYMPH NODE- Hemorrhage

9,4
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INHALATION EXPOSURE STUDIES ,
WITH. RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-SF

Cor~elatiorn of Gross & Micro .
=-,l V4-_ Xatz IiD =-r ixc' 14

PROJECT ID: 221-009 GROUP: 26 (CO) SEX: FEMALE DAYS: ALL
PAGE 5 FATES: RECOVERY SACRIFICE

ANIMAL NO: 427 PATHOLOGIST: WOI

ANIMAL FATE: RECOVERY SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 428 PATHOLOGIST: WOI

ANIMAL FATE: RECOVERY SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>MANDIBULAR LYMPH NODE: Red MANDIBULAR LYMPH NODE- Hemorrhage
Mandibular Lymph Nodes.

>KIDNEY: Rt. Kidney Cut Jaggedly NO COROLLARY CHANGE DETECTED

>EYE: Very Little Optic Nerve NO COROLLARY CHANGE DETECTED
Tissue Left On Eye.

>BRAIN: Cerebrum Damaged. Lt. No Section
Hemisphere.

ANIMAL NO: 429 PATHOLOGIST: WOI

ANIMAL FATE: RECOVERY SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)MANDIBULAR LYMPH NODE: Dark Red MANDIBULAR LYMPH NODE- Hemorrhage
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INHALATION EXPOSURE STUDIES
KITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE !iI, STUDY 79-SF

Cor-rrelXaQtionr of Gross & Micro

PROJECT IDs 221-009 GROUP: 23 (Cl) SEX: FEMALE DAYS: ALL
PAGE 1 FATES: TERMINAL SACRIFICE

ANIMAL NO: 370 PATHOLOGIST: WOI 0
ANIMAL FATE. TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 371 PATHOLOGIST: OI

ANIMAL FATE: TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>LUNG: Dark Red Focus On Left NO COROLLARY CHANGE DETECTED
Lobe Of Lungs 1 mm

ANIMAL NO: 372 PATHOLOGIST: WOI
ANIMAL FATE: TERMINAL SACRIFICE

REFRENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)MANDIBULAR LYMPH NODE: MANDIBULAR LYMPH NODE- Hemorrhage
Mandibular Lymph Nodes - Dark
Red.

49.
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INHALATION EXPOSURE STUDIES
wITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-SF

Cov art-- 3. akt crn oE G 'ooms a MLcvco

PROJECT ID: 221-009 GROUP: 23 (Cl) SEX: FEMALE DAYS: ALL
PAGE 2 FATES: TERMINAL SACRIFICE

ANIMAL NO: 373 PATHOLOGISTz H0I
ANIMAL FATE: TERMINAL SACRIFICE P O T 0
REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:0

)LUNG: Lungs - Left Lobe 1.0 mm NO COROLLARY CHANGE DETECTED
Tan Focus.

>MANDIBULAR LYMPH NODE: MANDIBULAR LYMPH NODE- Hemorrhage
Mandibular Lymph Nodes - Dark
Red.

ANIMAL NO: 374 PATHOLOGIST; W01
ANIMAL FATE: TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>MANDIBULAR LYMPH NODE: Enlarged MANDIBULAR LYMPH NODE-
.,nd Dark Red. Lymphocytic Hyperplasia;

Hemorrhage

ANIMAL NO: 375 PATHOLOGIST: W01I

ANIMAL FATE: TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>LUNG: Lungs - Scattered 0.1 - LUNG- Interstitial Inflammation '
0. 2 cm Grey Raised Foci

>UTERUS: Uterine Horns - Red UTERUS- Congestion
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III STUDY 79-SF

CoFrrea4 tion1h of Gm <oa & Mi4cro

PROJECT IDi 221-009 GROUP; 23 (Cl) SEX- FEMALE DAYS: ALL
PAGE 3 FATES: TERMINAL SACRIFICE

ANIMAL NO: 376 PATHOLOGIST: NOI
ANIMAL FATE: TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY: 10.
>LUNG: Lunqs - Pinpoint Raised NO COROLLARY CHANGE DETECTED
Tan Foci

ANIMAL NO: 377 PATHOLOGIST: NOI

ANIMAL FATE: TERMINAL SACRIFICE

REFEENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 378 PATHOLOGIST: OI

ANIMAL FATE: TERMINAL SACRIFICE JA

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATMOLOGY:

)UTERUS: Horns Distended With UTERUS- Hydrometra
Clear Fluid.

ANIK•L NO: 379 PATHOLOGIST: NOI
ANIMAL FATE: TERMINAL, SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

498 0..



INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE Il1, STUDY 79-SF

Correlatio~n of Gr-oss & Micro,•.___

PROJECT ID: 221-009 GROUP: 23 (Cl) SEX: FEMALE DAYS: ALL
PAGE 4 FATES: TERMINAL SACRIFICE

ANIMAL NO: 380 PATHOLOGIST: OI
ANIMAL FATE: TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 381 PATHOLOGIST; W010

ANIMAL FATE: TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>LUNG: Diaphraqmatic Lobe - LUNG- Atelectasi"
Pinpoint Dark Red Foci

>UTERUS: Slichtly Distended UTERUS- Hydrometra
Containing Clear Fluid

ANIMAL NO: 382 PATHOLOGIST: 0.,
ANIMAL FATE: TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>LUNG: Lungs - Scattered Red LUNG- Interstitial Inflammation
Pinpoint Gray Foci

4-9
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-SF

Correla~tion~ of" Gross & Micro

PROJECT ID; 221-009 GROUP: 23 (Cl) SEX: FEMALE DAYSt ALL
PAGE 5 FATES: TERMINAL SACRIFICE

ANIMAL NO: 383 PATHOLOGIST: OI
ANIMAL FATE: TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORD. RELATED HISTOPATHOLOGY:

>MANDIBULAR LYMPH NODE: Enlarged MANDIBULAR LYMPH NODE-
Lymphocytic Hyperplasia

>THYMUS: Mottled Red THYMUS- Hemorrhage

*1

ANIMAL NO: 384 PATHOLOGIST: WO0
ANIMAL FATE: TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>MANDIBULAR LYMPH NODE: Dark Red MANDIBULAR LYMPH NODE- Hemorrhage

>THYMUS: Scattered Dark Red Foci THYMUS- Hemorrhage

500S
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
* PHASE II1, STUDY 79-SF

Cc>xre aLt orn cC G<oDs & Mcc>: 'ca

PROJECT ID: 221-009 GROUPs 24 (C2) SEX, FEMALE DAYS: ALL
PAGE 1 FATES: TERMINAL SACRIFICE

ANIMAL NO: 385 PATHOLOGIST: HOI
ANIMAL FATE: TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 386 PATHOLOGIST: WOI

ANIMAL FATE: TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>LUNG: Left Lobe 0f Lungs Has LUNG- Hemorrhage
Dark Red Fvcus

*
ANIMAL NO: 387 PATHOLOGIST: WOI
ANIMAL FATE: TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

S >MANDIBULAR LYMPH NODE: MANDIBULAR LYMPH NODE- Hemorrhage
Mandibular Lymph Nodes - Dark Red

S ANIMAL NO: 388 PATHOLOGIST: WOI

ANIMAL FATE: TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY;

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJL'-CT NUMBER L06139
PHASE III, STUDY 79-SF

Ccr--e 3.tion of G-- r & Micw-c-

PROJECT ID: 221-009 GROUP; 24 (C2) SEX: FEMALE DAYS: ALL
PAGE. 2 FATES: TERMINAL SACRIFICE

ANIMAL NO: 389 PATHOLOGIST% W0I
ANIMAL FATE: TERMINAL SACRIFICE

REFE.RENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 390 PATHOLOGIST: NOI a
ANIMAL FATE: TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTORATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
9,

ANIMAL NO: 391 PATHOLOGIST: OI
ANIMAL FATE.: TERMINAL SACRIFICE

-A.
REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 392 PATHOLOGIST: WOI

ANIMAL FATE: TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

50
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-SF

Cokrrel.ation- of Gross & Micro

PROJECT ID: 221-009 GROUP: 24 (C2) SEX: FEMALE DAYS: ALL
PAGE 3 FATES: TERMINAL SACRIFICE

ANIMAL NO: 393 PATHOLOGIST: OI

ANIMAL FATE: TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 394 PATHOLOGIST: OI

ANIMAL FATE: TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)LUNG: Lungs - Several Dark Red NO COROLLARY CHANGE DETECTED
Foci

ANIMAL NO: 395 PATHOLOGIST: WOI

ANIMAL FATE: TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)MANDIBULAR LYMPH NODE: MANDIBULAR LYMPH NODE- Hemorrhage
Mandibular Lymph Nodes - Dark
Red.
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-SF

CzoFr-ew atlorn of Grc •zz & Micro )

PROJECT ID: 221-009 GROL"' 24 (C2) SEX: FEMALE DAYS: ALL
PAGE 4 FATES: TERMINAL SACRIFICE

ANIMAL NO: 396 PATHOLOGIST: HOI
ANIMAL FATE: TERMINAL SACRIFICE IN

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 397 PATHOLOGIST: 1401
ANIMAL FATE: TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGYi •

)MANDIBULAR LYMPH NODE.- MANDIBULAR LYMPH NODE- Hemorrhage
Mandibular Lymph Nodes - Dark
Red.

ANIMAL NO: 398 PATHOLOGIST: 401I
ANIMAL FATE: TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>UTERUS: Horns Distended, Contain UTERUS- Hydrometra
Clear Liquid

5.. ."

.4.-.

504•

'I".



INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-SF

Corela.tion of Gross & M jcro

PROJECT ID: 221-009 GROUP: 24 (C2) SEX: FEMALE DAYS; ALL
PAGE 5 FATES: TERMINAL SACRIFICE

ANIMAL NO: 399 PATHOLOGIST: H0I
ANIMAL FATE: TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-SF

(WA

(Dor2r 1e.Ltiori ICf GCroam & Micro -

PROJECT ID: 221-009 GROUP: 27 (C2) SEX: FEMALE DAYS: ALL
PAGE 1 FATES: RECOVERY SACRIFICE,SPONTANEOUS DEATH

ANIMAL NO: 430 PATHOLOGIST: OI

ANIMAL FATE: RECOVERY SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>MANDIBULAR LYMPH NODE: Dark Red, MANDIBULAR LYMPH NODE-
Enlarged Hemorrhage; Lymphocytic

Hyperplasia

ANIMAL NO: 431 PATHOLOGIST: NOI
ANIMAL FATE: RECOVERY SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY: c.

)MANDIBULAR LYMPH NODE: Enlarged MANDIBULAR LYMPH NODE-
And Dark Red Lymphocytic Hyperplasia;

Hemorr hage

ANIMAL NO: 432 PATHOLOGIST: OI

ANIMAL FATE: SPONTANEOUS DEATH

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>LUNG: Lungs - Mottled Red. LUNG- Congestion

>SPLEEN: Dark Red. SPLEEN- Congestion

>LIVER: Severely Dark Red. LIVER- Congestion ,

>ABDOMINAL CAVITY: Pools Of Red NO COROLLARY CHANGE DETECTED
Fluid In The Abdominal Cavity.

)THORACIC CAVITY: Pools Of Red NO COROLLARY CHANGE DETECTED
Fluid In The Thoracic Cavity.
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-SF

Ccxrrelation 1=f Gr-o s & Micro

PROJECT ID: 221-009 GROUP: 27 (C2) SEX: FEMALE DAYS: ALL
PAGE 2 FATES: RECOVERY SACRIFICE,SPONTANEOUS DEATH

ANIMAL NOt 433 PATHOLOGIST: N0I
ANIMAL FATE: RECOVERY SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)MANDIBULAR LYMPH NODE: MANDIBULAR LYMPH NODE- Congestion
Mandibular Lymph Nodes - Red

ANIMAL NO: 434 PATHOLOGIST: W0I

ANIMAL FATE: RECOVERY SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 435 PATHOLOGIST: N0I

ANIMAL FATE: RECOVERY SACRIFICE

REERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>MANDIBULAR LYMPH NODE: Dark Red MANDIBULAR LYMPH NODE- Hemorrhage

>THYMUS: Red Foci THYMUS- Hemorrhage
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-SF

Co: rrelation 2f Grossm & Micr>

PROJECT ID: 221-009 GROUP: 27 (C2) SEX: FEMALE DAYS: ALL
PAGE 3 FATES: RECOVERY SACRIFICESPONTANEOUS DEATH

ANIMAL NO: 436 PATHOLOGIST: NOI
ANIMAL FATE: RECOVERY SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 437 PATHOLOGIST: IOI

ANIMAL FATE: RECOVERY SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)THYMUS: Red Foci THYMUS- Hemorrhage

ANIMAL NO: 438 PATHOLOGIST: WOI
ANIMAL FATEs RECOVERY SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 439 PATHOLOGIST: OI
ANIMAL FATE: RECOVERY SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)MANDIBULAR LYMPH NODE: MANDIBULAR LYMPH NODE- Hemorrhage
Mandibular Lymph Nodes - Dark
Red.
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-SF

Cox-rreattiori of Gross & Micro

PROJECT ID: 221-009 GROUP: 27 (C2) SEX: FEMALE DAYS: ALL
PAGE 4 FATES: RECOVERY SACRIFICE,SPONTANEOUS DEATH

ANIMAL NO: 440 PATHOLOGIST: WOI
ANIMAL FATE: RECOVERY SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>MANDIBULAR LYMPH NODE: MANDIBULAR LYMPH NODE- Hemorrhage

Mandibular Lymph Nodes - Dark Red

>UTERUS: Dilated NO COROLLARY CHANGE DETECTED

>THYMUS: Red Foci THYMUS- Hemorrhage

ANIMAL NO: 441 PATHOLOGIST: WOI

ANIMAL FATE: RECOVERY SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>MANDIBULAR LYMPH NODE: Dark Red MANDIBULAR LYMPH NODE- Hemorrhage

>THYMUS: Mottled Red THYMUS- Hemorrhage

)RESPIRATORY LYMPH NODE: Enlarged PULMONARY LYMPH NODE-
Lymphocytic Hyperplasia

>UTERUS: Uterus Horns - Distended UTERUS- Hydrometra
Containing Clear Fluid
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INHALATION EXPOSURE STUDIES -!

WITH RP/BR COMBUSTION PRODUCTS
PROJECT NUMBER L06139
PHASE III, STUDY 79-SF

Correlt on oCf Girc s & Micrcoo

PROJECT ID: 221-009 GROUP: 27 (C2) SEX: FEMALE DAYS: ALL
PAGE 5 FATES: RECOVERY SACRIFICE,SPONTANEOUS DEATH

ANIMAL NO: 442 PATHOLOGIST: WOI
ANIMAL FATEi RECOVERY SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)MANDIBULAR LYMPH NODE: Dark Red MANDIBULAR LYMPH NODE- Hemorrhage

)THYMUS: Mottled Red THYMUS- Hemorrhage

ANIMAL NO: 443 PATHOLOGIST: WOI

ANIMAL FATE: RECOVERY SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY;

>MANDIBULAR LYMPH NODE: Enlarged MANDIBULAR LYMPH NODE-
Lymphocytic Hyperplasia

>UTERUS: Uterine Horns - Distended UTERUS- Hydrometra

ANIMAL NO: 444 PATHOLOGIST: NOI

ANIMAL FATE: RECOVERY SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY: i
>MANDIBULAR LYMPH NODE: Dark Red No Section

v-
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-SF

Corrwela4tion oo f Gc5os s & MicrD

PROJECT IDt 221-009 GROUP: 25 (C3) SEX: FEMALE DAYS: ALL
PAGE I FATES: TERMINAL SACRIFICE

ANIMAL NO: 400 PATHOLOGIST: H0I

ANIMAL FATE: TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 401 PATHOLOGIST: H101

ANIMAL FATE: TERMINAL SACRIFICE
,. *.

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 402 PATHOLOGIST: OI
ANIMAL FATE: TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 403 PATHOLOGIST: H0I
ANIMAL FATE: TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-SF

PROJECT ID: 221-009 GROUPt 25 (C3) SEX: FEMALE DAYS: ALL
PAGE 2 FATES: TERMINAL SACRIFICE

ANIMAL NO: 404 PATHOLOGIST: NP0I

ANIMAL FATE: TERMINAL SACRIFICE "

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 405 PATHOLOGIST: N10I

ANIMAL FATE. TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORD% RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 406 PATHOLOGIST: OI
ANIMAL FATE: TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 407 PATHOLOGIST: HOI

ANIMAL FATE: TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORDs RELATED HISTOPATHOLOGY:

>MANDIBULAR LYMPH NODE: Dark Red MANDIBULAR LYMPH NODE- Hemorrhage , 2 .::

>LUNG: Lungs -Pinpoint Gray LUNG- Interstitial Inflammation
Raised Foci
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-SF

Corce Iat -on of- Gc>or s & MI c iro oi

PROJECT ID: 221-009 GROUP: 25 (C3) SEX: FEMALE DAYS: ALL
PAGE 3 FATES: TERMINAL SACRIFICE

ANIMAL NO: 408 PATHOLOGIST: HOI

ANIMAL FATE: TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 409 PATHOLOGIST: WOI
ANIMAL FATE: TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 410 PATHOLOGIST: WOI

ANIMAL FATEs TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)MANDIBULAR SALIVARY GLAND: NO COROLLARY CHANGE DETECTED
Mandibular Salivary Glands -
Dark Red.

>MANDIBULAR LYMPH NODE: MANDIBULAR LYMPH NODE- Hemorrhage
Mandibular Lymph Nodes - Dark
Red.
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE I11, STUDY 79-SF

Correlatio n- of Gr-oss & M±ck'o •

PROJECT ID: 221-009 GROUP: 25 (C3) SEX.: FEMALE DAYS: ALL
PAGE 4 FATES: TERMINAL SACRIFICE

ANIMAL NO: 411 PATHOLOGIST: N101

ANIMAL FATE: TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORD& RELATED HISTOPATHOLOGY:

>UTERUS: Horns Distended, Contain UTERUS- Hydrometra -
Clear Liquid

ANIMAL NO: 412 PATHOLOGIST: 1101
ANIMAL FATE: TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE 4"

ANIMAL NO: 413 PATHOLOGIST: W01I
ANIMAL FATEt TERMINAL SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:;it•v

>MANDIBULAR LYMPH NODE; Enlarged MANDIBULAR LYMPH NODE-
And Dark Red Lymphocytic Hyperplasia;

Hemorrhage

>THYMUS: Scattered Dark Red Foci. THYMUS- Hemorrhage

d ,o



INHALATION EXPOSURE STUDIES 0

WITH RP/BR COMBUSTION PRODUCTS
PROJECT NUMBER L06139
PHASE III, STUDY 79-SF

Co•-ze at rion of Grcss & Mic o v c

PROJECT ID: 221-009 GROUPt 25 (C3) SEX: FFE4ALE DAYS: ALL
PAGE 5 FATES: TERMINAL SACRIFICE

ANIMAL NO: 414 PATHOLOGIST: WOI
ANIMAL FATE: TERMINAL SACRIFICE *.1...

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>THYMIC LYMPH NODE: Thymic Lymph PULMONARY LYMPH NODE- Hemorrhage
Nodes - Dark Red.

S. '
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INHALATION EXPOSURE STUDIES -3i

WITH RP/BR COMBUSTION PRODUCTS
PROJECT NUMBER L06139
PHASE III, STUDY 79-SF

Cowre3atit- n of Gr-os & Micro

PROJECT ID: 221-009 GROUP: 28 (C3) SEX: FEMALE DAYS: ALL j
PAGE 1 FATES: RECOVERY SACRIFICE

ANIMAL NO: 445 PATHOLOGIST: N0I
ANIMAL FATE: RECOVERY SACRIFICE Pl.

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 446 PATHOLOGIST: OI

ANIMAL FATE: RECOVERY SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPAThF)LOGY;

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 447 PATHOLOGIST: OI

ANIMAL FATE: RECOVERY SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>MANDIBULAR LYMPH NODE: Dark Red MANDIBULAR LYMPH NODE- Hemorrhage

ANIMAL NO: 448 PATHOLOGIST: WOI

ANIMAL FATE: RECOVERY SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>MANDIBULAR LYMPH NODE,: Red And MANDIBULAR LYMPH NODE-
Enlarged Mandibular Lymaph Nodes. Hemorrhage; Lymphocytic

Hyperplasia

)THYMUS: Red Foci THYMUS- Hemorrhage
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-SF V

Correl atio-- o f Grcss & Micro L-i

PROJECT ID: 221-009 GROUP: 28 (C3) SEX: FEMALE DAYS: ALL
PAGE 2 FATES: RECOVERY SACRIFICE

ANIMAL NO: 449 PATHOLOGIST: OI

ANIMAL FATE: RECOVERY SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>LUNG: Lungs - Mottled Red. NO COROLLARY CHANGE D.TECTED

ANIMAL NO: 450 PATHOLOGIST: S01 vOI

ANIMAL FATE: RECOVERY SACRIFICE •.

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHCLOGY:

>MANDIBULAR LYMPH NODE: MANDIBULAR LYMPH NODE- Hemorrhage
Mandibular Lymph Nodes - DarkRed. ".

ANIMAL NO: 451 PATHOLOGIST: NOI

ANIMAL FATE: RECOVERY SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>MANDIBULAR LYMPH NODE: Dark Red. MANDIBULAR LYMPH NODE- Hemorrhage

>THYMUS: Mottled Red THYMUS- Hemorrhage

16.
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-SF

CorreLx a t-on of GrCol s & Mic:o

PROJECT ID: 221-009 GROUP: 28 (C3) SEX: FEMALE DAYS: ALL
PAGE 3 FATES: RECOVERY SACRIFICE

ANIMAL NO: 452 PATHOLOGIST: NOI
ANIMAL FATE: RECOVERY SACRIFICE

REFERENCE TO NECROPSY RECORDs RELATED HISTOPATHOLOGY.

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 453 PATHOLOGIST: WOI
ANIMAL FATE: RECOVERY SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 454 PATHOLOGIST: WOI
ANIMAL FATE- RECOVERY SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>MANDIBULAR LYMPH NODE: Enlarged MANDIBULAR LYMPH NODE-
Lymphocytic Hyperplasia

>THYMUS: Dark, Red Foci THYMUS- Hemorrhage
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS LbL

PROJECT NUMBER L06139
PHASE III, STUDY 79-SF A'A

Corela~tionr off Gr~oss & Micr~o

PROJECT IDs 221-009 GROUP: 28 (C3) SEXs FEMALE DAYS: ALL
PAGE 4 FATES: RECOVERY SACRIFICE

0ANIMAL NO: 455 PATHOLOGISTs NOI
ANIMAL FATE: RECOVERY SACRIFICE

REFERENCE TO iJECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 456 PATHOLOGIST: WOI
ANIMAL FATE: RECOVERY SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY: .o

>MANDIBULAR LYMPH NODE: Enlarged MANDIBULAR LYMPH NODE-
Lymphocytic Hyperplasia

>THYMUS: Dark, Red Foci THYMUS- Hemorrhage

ANIMAL NO: 457 PATHOLOGIST: NOI
ANIMAL FATE: RECOVERY SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>MANDIBULAR LYMPH NODE: Dark Red, MANDIBULAR LYMPH NODE- 1,
Hyperplas ia

'.* "...
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INHALATION EXPOSURE STUDIES
WITH RP/BR COMBUSTION PRODUCTS

PROJECT NUMBER L06139
PHASE III, STUDY 79-SF

Gok •--e a~ticon cf Gross & Micro 0

PROJECT TD: 221-009 GROUP: 28 (C3) SEX: FEMALE DAYS: ALL
PAGE 5 FATES: RECOVERY SACRIFICE

ANIMAL NO: 458 PATHOLOGIST: WoI

ANIMAL FATE: RECOVERY SACRIFICE

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

)NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

ANIMAL NO: 459 PATHOLOGIST: OI

ANIMAL FATE: RECOVERY SACRIFICE

REFURENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY:

>NO OBSERVABLE ABNORMALITIES. NOT APPLICABLE

50.
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Client Name: IIT Research Institute

Client Study Number: L06139 Phase III Study 79-SF

Study Director: Dr. W.O. Iverson Pathologist: Dr. W.O.Iverson

Study Title: Repeated Inhalation Exposure Studies With
RP/BR Combustion Products in Rats,
Pathology Report Amendment #1

Test Article: Combustion Products of Red Phosphorus/Butyl Rubber

Species: Sprague-Dawley Rats

All parts of the pathology phase of this study, including the

final report, were reviewed by Experimental Pathology

Laboratories Quality Assurance Unit on July 20, 1984. All I

findings were reported to the Study Director and Management.

V

2Be2t Plankenhorn
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EPL
EXPERIMENTAL PATHOLMY LABORATORIES, INC.

I ITRI PROJECT NUMBER L06139
PHASE III STUDY 79-SF

INHALATION EXPOSURE STUDIES
WITH RP/SR

CONDUSTION PRODUCTS IN RATS

PATHOLOGY REPORT AMEND)ENT #1

PATHOLOGY SUItWARY

Microscopic examinations were performed on specially stained sections

of lung from female Sprague-Dawley rats. The purpose of these examinations

was to confirm and grade the amount of collagen in the terminal bronchioles k.

and associated alveoli. Five animals from each exposure group in this

study were selected for examination. The paraffin blocks containing the

right lung lobes from the selected animals were sectioned and stained with

Masson's trichrome stain to demonstrate collagen. The slides were prepared

and examined by Experimental Pathology Laboratories, Inc.

RESULTS

The amount of stainable collagen present in the alveolar walls of the '

lung was graded subjectively and is recorded in the Histopathology

Incidence Tables. The treatment group number is also recorded at the top

of each page.

The amount of collagen normally present in the alveolar septa was

recorded as "1", minimal. Some of the animals that had minimal to mild "

amounts of thickening of the terminal bronchiole and its associated alveoli

did have a mild amount of collagen, i.e., grade 2, compared to the

524.4
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controls. This occurred in those groups of animals treated with either

0.75 or 1.00 mg/L of combustion products of RP/BR. The amount of stainable

collagen found in the group 23 animals, which had received 0.40 mg/L was

not discernably different from that of the control animals (treatment

groups number 22 and 26).

CONCLUSIONS

The results of this microscopic examination indicated that the

thickening of the terminal bronchiole and its associated alvoei is due to

the formation of new collagen fibers in excess of what would normally be

present. Fibrosis does not account for all of the thickening seen in the

change designated "terminal bronchiolar fibrosis". This staining

substantiates the impression of terminal bronchiolar fibrosis in animals

which received either 0.75 or 1.00 mg/L for 2.25 hours per day for 4

consecutive days for four weeks.

W.O. Iverson, D.VK.'
Veterinary Pathologist
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